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ABSTRACT 
I NVESTI GATI ON OF A FACTOR RELEASED BY 
NEOPLASTIC CELLS WHICH PRODUCES 
A CHEMOKI NETIC RESPONSE I N  ACTI VATED MACROPHAGES 
Richard D. Lane, ·Ph. D. 
Medical College of Virginia - Virginia Commonwealth University, 1 9 8 0  
Major Professor: Andras K.  Szakal, Ph. D. 
The increase in rate of random migration (chemokinesis) of 
C. parvum activated macrophages in media conditioned by Lewis Lung (LL) 
carcinoma cells was attributed to a trypsin sensitive, heat stable, 
high molecular weight factor released from the membrane of the tumor 
cells. 
A capillary tube assay was developed to expediently monitor 
the chemokineti c activity of macrophages incubated in whole and 
fractionated media. The capillary tube assay was found to be capable 
of detecting both chemokinetic and chemotactic (directional movement) 
factors present in the test media. Statistical analysis revealed the 
capillary tube assay provided reproducible data both within and 
between experiments. 
Media conditioned by 6 different syngeneic and allogeneic mouse 
tumor cell lines demonstrated significantly higher chemokinetic 
activity compared to unconditioned or normal fibroblast conditioned 
media. The release of the chemokinetic factor (CKF) by Lewis Lung 
cultures was demonstrated to be maximum during the logarithmic growth 
phase of these neoplastic cells. Molecular seive chromatography of 
the Lewis Lung conditioned media revealed the CKF to have a molecu lar 
weight of approximately 3 6 0 , 000 daltons. Similarly to the � pa rvum 
activated macrophages, the pyran activated macrophages responded chemo­
kinetically to LL conditioned media. However oyster glycogen and 
thioglycolate elicited macrophages demonstrated no significant 
chemokinetic response in the presence of the LL-CKF. 
The Lewis Lung chemokinetic factor demonstrated no chemotactic 
activity in the Boyden chamber assay. In fact, the CKF actually 
inhibited the response of these macrophages to a known chemotactic 
factor. 
Indirect immunofluorescent staining of the CKF indicated that 
it was a membrane protein shed by the LL cells and bound by activated 
macrophages. The possibility is discussed that CKF may be a 
glycocalyx protein shed by tumor cells which interferes with macrophage­
�eoplastic cell interactions involved in the tumoricidal activity of 
macrophages. 
I. INTRODUCTION 
1 
Macrophages are the primary cell type constituting the Mononuclear 
Phagocyte System. Langevoort et al. (1970) and van Furth et al. (1972) 
defined the Mononuclear Phagocyte System as consisting of all phago­
cytic cells of bone marrow origin. The bone marrow origin of the 
macrophage was demonstrated by BaIner (1963), Goodman (1964), Howard 
et al. (1976) and Pinkett et al. (1966). The macrophage phagocytize 
bacteria (Wyssokowitch, 1887) foreign particles (Von Kupffer, 1898), 
effete cells (Vaughn and Boyden, 1964) and antibody coated cells 
(Greendyke et �., 1963). The macrophage possesses other functional 
capabilities including the processing of antigens for lymphocyte 
mediated immune responses (Rosenthal and Shevach, 1973) and killing of 
neoplastic cells either specifically (Evans and Alexander, 1970) after 
immune system stimulation by the neoplastic cell, or non-specifically 
(Alexander and Evans, 1971), requiring no previous exposure of the 
host to the neoplastic cells. 
Based upon the ability of the macrophages to recognize and 
destroy neoplastic cells in vitro and the presence of macrophages 
within neoplastic lesions Evans (1972) and Hibbs et al. (1978) sug-
gested that the macrophage serves as a primary effector cell within 
the tumor surveillance system. Burnett (1964) originally proposed the 
existence of a tumor surveillance system in which immunologically 
competent cells function in the recognition and destruction of neo­
plastic cells. 
Hibbs � al. (1972a) found that macrophages are involved in non­
specific tumor cell killing and can distinguish a variety of different 
2 
syngeneic and allogeneic neoplastic cells from normal cells. He 
proposed that the macrophages recognize a particular characteristic 
common to all or most neoplastic cells, which is distinct from normal 
cells. He suggested several possibilities for the common neoplastic 
cell marker such 'as increased fluidity of tumor cell membranes and 
expression of C-type virus particles (Hibbs et al. , 1972b) . However, 
these features are no longer considered to be shared by all neoplastic 
cells and, therefore, are probably not of primary importance in 
recognition of neoplastic cells by macrophages. To date the mechanism 
by which macrophages distinguish neoplastic cells from normal cells is 
not well understood; 
Cell movement plays an integral part of the host surveillance of 
neoplasms. Mobility is a basic requirement for the macrophage to locate 
and enter neoplastic lesions. An in vitro study by Meltzer et al. 
(1977) showed that macrophages respond chemotactically with a direct­
ional movement to a gradient of factors of tumor cell origin. B oth 
Meltzer et al. (l975b) and Snodgrass et al. (1976) found that macro­
phages also respond chemokinetically (increase in rate of random move­
ment) to media conditioned by neoplastic cells. I t  has not been 
determined whether the macrophages chemotactic and chemokinetic re­
sponses are mediated by the same factor. The relationship of the 
chemokinetic response to the tumoricidal capacity of macrophage ' s  
,cytotoxic function also needs to be investigated. A study of the 
putative factors released by neoplastic cells into their media to pro­
duce a chemokinetic response may help answer these questions. 
That neoplastic cells can proliferate and overwhelm the host's 
3 
defenses suggests that tumor cells can avoid the surveillance system. 
Perhaps neoplastic cells produce factors which have an inhibitory 
effect on the cells of the host tumor surveillance system. This pos­
sibility is supported by the findings of Hellstrom (1974) that tumors 
shed membrane antigens which bi nd and neutralize anti-tumor antibodies. 
Similarly, several factors of neoplastic origin also appear to act on 
the macrophage mediated arm of the host defenses including a 6, 000 -
10, 000 dalton molecular weight substance which inhibits the directional 
movement of macrophages (Snyderman ��. 1976) and a 3, 500 dalton 
factor which inhibits the cytotoxic response of macrophages (Cheung, 
1979) . It is not clear whether the chemokinetic factor produced by 
neoplastic cells is associated with either enhancement or inhibition 
of tumor cell killing. Accordingly, increased macrophage movement 
could either increase the number of neoplastic cells the macrophage 
encounters and destroys, or the increased migration might be non­
directable, thereby decreasing the efficiency of the chemotactic re­
spcnse and interfering with macrophage neoplastic cell interactions. 
Therefore, a study of tumor factor(s) influencing the macrophage 
rate of migration is relevent to the surveillance mechanism performed 
by macrophages. Through either enhancement or inhibition of the 
antineoplastic, chemotactic response of macrophages, the tumor cell 
derived chemokinetic factor (s) may modulate the efficiency of macro­
phage-mediated tumor cell killing or cytostasis and consequently in­
fluence the survival of the host. 
The overall objective of this investigation was to characterize 
the chemokinetic factor present in the murine Lewis Lung tumor 
4 
conditioned media. Therefore, the following projects were undertaken: 
( 1) development of an efficient assay that measures mouse macrophage 
chemokinetic activity; (2) isolate the chemokinetic factor(s) present 
in conditioned media; (3) to determine the molecular weight, chemical 
nature and activity of the isolated factor; (4) to produce an anti­
chemotactic antiserum for the immunological characterization and 
isolation of the chemokinetic factor. 
II. REVIEW OF THE LITERATURE 
A. The Role of Macrophages in Host Resistance to Tumors 
1. The Presence of Macrophages Within Tumors 
The host response to tumors is complex and murtt·faceted. Several 
different types of host cells are capable of mediating tumoricidal 
effects and are found infiltrating neoplastic lesions. These cells 
include T lymphocytes (Holden, et al. , 1976) , null cells, (Haskill, 
1975), granulocytes (Nakayama � al., 1978) and macrophages (Evans, 
1972). The macrophage involvement in the host's response to cancer 
5 
is varied. The number of macrophages present within neoplastic 
lesions can range from 4% to 56% of all the cells present in the tumor 
(Eccles and Alexander, 1974) . The extent of tumor infiltration by 
macrophages is thought to be related to tumor immunogenicity (Eccles 
and Alexander, 1974; Moore and Moore, 1977) . It is suggested that 
the percentage of infiltrating macrophages is directly proportional 
to the immunogenicity of tumors and inversely proportional to the 
metastatic rates of the tumors (Eccles and Alexander, 1974) . 
A correlation exists between the stimulation level of macrophages 
and the host antitumor response. Old et al. (1959) were the first 
to demonstrate that mice infected with Bacillus Calmette Guerin (BCG) 
(a potent macrophage stimulator) displayed increased resistance to 
tumor grafts. BCG (Hanna et al. , 1972) as well as several other macro­
phage stimulating agents including Corynebacterium parvum (Woodruff 
et al. , 197 3 )  and pyran (Snodgrass et al. ,  1975) when injected into 
6 
nonregressive tumors often induce regression or inhibition of tumor 
growth. This tumor regression is associated with the extent of 
hystiocytosis (influx of macrophages) at the tumor site. 
The in vitro tumoricidal activity of macrophages removed from 
neoplastic lesions provides further evidence for the macrophage's 
role in host resistance. The tumoricidal responses of intralesional 
macrophages varies among tumors, from a short term cytostatic effect 
(inhibition of DNA synthesis and proliferation), to cytolysis (cell 
killing) of the neoplastic cells (Evans, 1975). Hodulation of the 
macrophage tumoricidal response may also reflect the etiology of the 
tumor. The Holoney virus induced sarcoma regresses spontaneously in 
syngeneic hosts. The macrophages taken from the regressing tumors 
demonstrated stronger cytotoxic responses than those removed from 
non-regressors (Russell et al., 1977). Fidler (1975) found the in-
ability of the non-regressor macrophages to kill was not an innate 
deficiency of the macrophage, but was due to a lack of macrophage 
activating lymphokines within the tumors. Therefore, both in vitro 
cytotoxic assays and in vivo studies of intralesional host cells give 
supporting evidence that macrophages are a.major component in the 
host response to tumors and are capable of inhibiting tumor growth. 
2 .  Specificity of the Tumoricidal Capacity of Macrophages 
According to the results of in vitro studies (Granger, 1966; Evans, 
1975) macrophages respond cytotoxically to neoplastic cells: (a) speci-
fically and (b) nonspecifically. 
In the specific response, macrophages kill tumor cells which are 
7 
coated with tumor specific antibody. This is termed antibody dependent 
cell-mediated cytotoxicity (AnCCl (Granger, 1966). The macrophages 
bind by their Fc receptors to the antibody coated tumor cells. The 
degree and type of ADCC cytotoxicity which occ�rs depends upon the 
concentration of 'antibody present on the plasma membrane of tumor 
cells. Cytostasis occurs at low antibody concentrations and cytolysis 
occurs at high antibody concentrations (Evans, 1975; Haskill and 
Fett, 1976). 
Macrophages are capable of being specifically induced to e 
tumoricidal state by a lymphokine produced by tumor sensitized T­
lymphocytes. This lymphokine is known as the Specific Macrophage 
Arming Factor (SMAF) (Evans and Alexander, 1972a, 1972b; Pels and Den 
Otter, 1973). SMAF has a specific tumor antigen binding site which 
confers upon the macrophage nonspecific tumoricidal ability only 
when the sensitizing tumor cell antigens are encountered. 
The category of the nonspecific response involves a number of 
agents which stimulate normal macrophages to a level of cytotoxic 
activity. Activated macrophages express this cytotoxic response, 
non-specifically against any tumor cell the macrophage encounters. 
The activated macrophage is selective only in that it is not cytotoxic 
to most normal cells (Hibbs, et al., 1972a). 
3. Macrophage Activating Agents 
A number of different'macrophage functions can be stimulated by 
agents such as BCG including phagocytosis (Nathan et al., 1971), 
adhesion to substrates (Mooney and Waksman, 1970) metabolic rate 
(Nathan et al. , 1971; Remold et al. , 1974; Karnovsky et al. , 19781, 
cell movement (Blanden � al. , 1969) and tumor cell killing (Hibbs 
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� al. , 1972a; Cleveland et al. , 1974) . When macrophages are stimu­
lated to a state of non-specific turnoricidal activity, they are 
referred to as being "activated. " Other stimulating agents which 
demonstrate the capacity to activate macrophages include the lympho­
kine macrophage activating factor G'iessens et al. , 1975), double 
stranded RNA (Alexander and Evans, 1971), BCG (Cleveland et al., 1974), 
L isteria monocytogenes (Hibbs et al. , 1972a), COrynebacterium parvurn 
(Olivotto and Bomford, 19741 and the synthetic agent pyran copolymer 
(Kaplan et al. , 1974). 
Inflarnatory agents stimulate a number of the macrophage functions 
as do activating agents. Macrophages elicited by inflarnatory agents 
have above normal phagocytic ability, but they have little tumorici­
dal capacity compared to activated macrophages (Stiffel et al. , 1971). 
Mineral oil (Hibbs, 1974a), starch, and Brewer's thioglycollate 
(Krahenbuhl and .Remington, 1974) are considered macrophage eliciting 
agents. 
4. Macrophage Non- specific Tumor Cell Recognition 
In their initial studies, Hibbs et al. , (1 972a) noted that acti­
vated macrophages destroy both syngeneic and allogeneic neoplastic 
.cells but do· not harm syngeneic or allogeneic normal fibroblasts 
or kidney cells. They concluded that the turnoricidal activity of 
activated macrophages does not depend upon tumor specific,
-
o rgan 
specific or major histocompatability antigens. Their experiment also 
suggests that normal cells upon neoplastic transformation acquire a 
property that triggers recognition and subsequent destruction by 
activated macrophages. Hibbs tested this hypothesis by comparing 
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the response of activated macrophage to fibroblasts before and after 
neoplastic transformation. He found that activated macrophages dis­
tinguished between normal fibroblasts and their spontaneously trans­
formed progeny (Hibbs � al., 1972c) and between the contact inhibited 
3T3 fibroblast cell line and the virus transformed, non contact in-
hibited SV-3T3 cell line (Hibbs, 1973). Therefore, activated macro-
phages appeared to differentiate between the normal and transformed 
phenotypes based upon a change associated with the acquisition of 
abnormal growth properties of the target cells including loss of con­
tact inhibition. Meltzer et al., (1975b) tested the resolution of the 
macrophage's tumor recognition system by incubating mixtures of 
3
H_ 
thymidine labeled non-neoplastic and neoplastic cell lines. The 
activated macrophages only produced a release of the 
3
H-Thymidine when 
the neoplastic cells were labeled. Therefore, the macrophage dis­
criminates completely between normal and neoplastic cells and will 
not damage "innocent bystander" cells. 
The possibility exists that activated macrophages do not actually 
distinguish between normal and neoplastic cells, instead the activated 
macrophage may have a toxic effect upon both and it is the neoplastic 
,cell's higher susceptability to this toxic effect that imparts the 
selective killing. This possibility is supported by Keller's (1974) 
finding that activated macrophages inhibit the proliferati�n of 
rapidly replicating cell lines irrespective of whether they showed 
normal or neoplastic growth characteristics, and only the neoplastic 
cells responded to the activated macrophages by dying, 
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The mechanism of tumor recognition by activated macrophages is 
unknown. I t  may depend upon cha:nges in the membranes of both the neo­
plastic cell and the macrophage. The cell membranes of neoplastic 
cells can often be distinguished from normal cell membranes by their 
decreased adhesiveness to other cells and substrates (Abercrombie and 
Ambrose, 1962), increased negative charge (Louis, 1978), change- in 
glycosyltransferase activity (Roth and White, 1963), marked decrease in 
a cell surface glycoprotein of a molecular weight of approximately 
250,000 (Hynes, 1973; Critchley, et al. , 1974), increased leakiness 
causing an increased release of intracellular enzymes into the sur­
rounding tissue fluids, (Bissell et al., 1971), increased lectin ag­
glutinabrlity which is masked by glycoproteins in normal cells (Nicolson, 
1974) and expression of fetal antigens (Medawar and Hunt, 1978). Keller 
(�979) reported evidence for involvement of fetal antigens in tumor 
recognition. He found activated macrophage killing of syngeneic and 
allogeneic tumor targets is blocked by the presence of irradiated fetal 
liver cells in a dose-dependent manner. This blocking feature of fetal 
liver cells is rapidly lost after birth. Differences between the mem­
branes of activated macrophages and non- activated macrophages include: 
i�creased stickiness ( B asic et al. , 1974) , increased membrane mobility 
(Nathan et al. , 1971) and membrane glycosamine incorporation (Hammond 
an
·
d Dvorak, 1972). Two recent reports indicate BCG activated macro­
phag es selectively bind tumor cells (EL-4 and P81S) but not normal 
cells (lymphocytes and macrophages) . .  This selectivity depends upon 
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trypsin sensitive structures present on the activated macrophage mem­
brane (Marino and Adams, 1980a, 1980b). The alterations in the mem­
branes of both neoplastic cells and activated macrophages are thought 
to be involved in tumor cell recognition and in the triggering of the 
tumoricidal mechanism of activated macrophages. 
5. Mechanism of Macrophage Non�specific Tumor Cell Killing 
Similar to the recognition system, the cytotoxic mechanism is 
poorly understood. Originally Hibbs Q974b) suggested that rna9ro­
phages transported lysosomes into the tumor cells during periods of 
macrophage-tumor cell fusion. An ultrastructural study by Bucana 
et al., (1976) of macrophage-tumor cell interactions demonstrating 
possible lysosomal exchange supports this hypothesis. 
Macrophages produce a number of hydrolytic lysosomal enzymes 
which play a role in the digestion of phagocytized material. Nathan 
et al. (1979a; 1979b) have indicated that these enzymes are involved 
in tumor cell killing. He found that the ability of activated macro­
phages to produce hydrogen peroxide through the peroxidase-hydrogen 
peroxide-halide system (Klebanoff, 1975) directly corresponds to their 
ability to kill tumor cells. Free hydroxyl radicals formed from 
hydrogen peroxide are considered to be the agents producing cell 
death (Becker et al., 1972). Inhibition of this enzyme system with 
catalase or ferrocytochrome C also inhibits the tumoricidal capacity 
of the macrophage. Non- tumoricidal thioglycolate elicited rnacrophages 
have been found to produce just as much superoxide anion (the precursor 
of hydrogen peroxide) as the tumoricidal BCG activated macrophages 
(Johnston et al., 1978). Therefore, the lack of distinction in this 
enzyme system between these two groups of macrophages casts doubts 
upon its role in tumor cell killing. 
12 
Investigations of the cytotoxic activity of soluble products 
released by activ.ated macrophages into their media have produced varied 
results. Media conditioned by activated macrophages have been found 
to be cytolytic (Currie and Basham, 1975; Sethi and Brandis, 1975), 
cytostatic (Keller, 1975; Calderon et �., 1974), or have no tumorici­
dal effect (Keller, 1973) . A number of studies have reported the 
necessity of macrophage-tumor cell contact for the tumor cell killing 
to occur (Hibbs, 1974t>; Kaplan et �., 1974; and Basic et al., 1975). 
Several investigators attempted to determine the reason for the 
necessity of the proposed cell to cell contact. Alexander (1976) 
reasoned that the cytotoxic enzyme released by activated macrophages 
could be quickly antagonized by components in the serum either by 
competition or direct inhibition and the enzyme would only be effective 
in the close vicinity of the macrophage. Hibbs � al., (1977) demon­
strated variation in tumor killing by activated macrophages in media 
containing sera from various species. More recently Adams et al. (1980) 
have found that the loss of tumoricidal activity from activated macro­
phage conditioned media was in fact due to inhibitors present in the 
culture serum. 
Currie (1978) proposed a mechanism of macrophage non-specific 
citotoxicity based upon evidence that macrophages produce the enzyme 
arginase. Macrophage release of arginase would deplete arginine in 
the microenviror�ent around the tumor. Arginine is not an essential 
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amino acid for protein synthesis by normal cells but it is essential 
for many neoplastic cells. Therefore, arginine depletion would have 
a lethal effect on these neoplastic cells. However, Nathan et al. 
(lS79bl in his experiments found that addition of large amounts of 
arginine to the �acrophage-neoplastic cell environment had no inhibi­
tory effect on tumor cytotoxicity. Therefore, it is unlikely that argi­
nase is a major component of the tumoricidal mechanism of macrophages. 
Adarns (1980) recently proposed that neutral serine protease(s) 
secreted by activated macrophages participate in the cytolytic de­
struction of neoplastic cells. He found that activated macrophages 
secrete more neutral proteases than do elicited or normal macrophages 
and two serine proteases inhibitors (bovine pancreatic trypsin in­
hi'bitor and diisopropylflurophosphatel reduce the cytolytic destruction 
of neoplastic targets by il,ctivated macrophages. In a companion 
article Adarns et al. (l980) reported that serum free media conditioned 
by activated macrophages was cytotoxic to neoplastic targets but not 
for non- neoplastic cells. The lytic activity of this media was in­
hibited by both of the serine protease inhibitors and by incubation 
with 10% fetal calf serum. 
Kaplan et a1. (1978) noted a lack of DNA synthesis by neoplastic 
targets after culturing with activated macrophages for 16 hours. The 
rate of neoplastic cell division, however, remained constant for one 
cell division. This produced a 50% reduction in the DNA content of 
the neoplastic cells incubated with activated macrophages for 16 hours. 
Kaplan et a1. (1978) suggested that the activated macrophage-induced r e­
ductive division of neoplastic cells may be related to activated 
macrophage-mediated tumor cell cytotoxicity. This hypothesis ac­
counts for the relatively long periods (18 hours) often observed 
(Alexander and Evans, 1971; Olivotto and Bomford, 1974; Piessens 
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et al. , 1975; Meltzer � al., 1975b) between initial macrophage tumor 
cell contact and .tumor cell death. The reductive division phenomenae 
also correlates with the fact that macrophage induced tumor cyto­
stasis has been measured as a function of the lack of incorporation 
of DNA base precursors. 
B .  Macrophage Locomotion 
The ability of macrophages to migrate to sites of inflanunation 
and developing tumors is an integral part of their response to 
pathogens. Macrophage locomotion is intimately associated with a 
system of microfilaments and microtubules. Tatsumi et· al. , (1973) 
and Hartwig and Stossel (1975a) have found that the micro filaments 
isolated from macrophages contain contractile proteins, specifically 
actin and myosin. The ratio of actin to myosin is much higher in 
motile leukocytes than in the non-motile skeletal muscles (Pollard and 
Weihing, 1974). 
Hartwig and Stossel (1975b) discovered an actin binding protein 
present in the cytoplasm of alveolar macrophages. This protein re­
versibly crosslinks the abundant actin, causing the liquid cytoplasm 
to gel. They proposed that the excess actin is utilized to synthesize 
gels needed for structural support in the formation of lamellipodia 
and pseudopodia of motile macrophages. They correlate the hyalin ap­
pearance of these cell processes (Zigmond and Hirsh, 1973) to the 
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presence of actin gels. Stossel (1978) proposed that the changes in 
cell shape associated with cell movement are brought about by the 
action of a network of contractile microfilaments attached to the 
plasma membrane and to the actin gels. This is supported by the 
ability of Cytochalasin B (an inhibitor of microfilament contraction) 
to suppress macrophage movement (Becker 1972). 
The microtubules are believed to provide a structural cyto'­
skeleton (Bloom and Fawcett, 1975). This cytoskeleton acts as a 
framework to which organelles are attached and their orientation main­
tained. Disruption of the microtubules by colchicine does not inhibit 
macrophage movement but it produces the loss of directional movement 
such as chemotaxis (Bhissey and Freed, 1971; Allison et al. , 1971; 
Wilkinson, 1976). 
A network of 
,
intermediary reactions and messengers are needed 
within macrophages to transport information obtained at the plasma 
membrane to the microfilament-microtubule system. Two components 
which may act as intermediaries are cyclic-AMP and cyclic-GMP. In­
creased intracellular levels of cyclic-AMP has been found to inhibit 
macrophage migration while higher levels of cyclic-GMP enhances 
macrophage movements (Estensen et al. , 1973). 
Two mechanisms have been shown to be functional in triggering 
contraction of the microfilament system. One is the contractile 
mechanism and the other is the metabolic effector mechanism. The 
contractile mechanism, present in skeletal and smooth muscle cells, 
has been studied extensively. In this system, triggering involves 
depolarization of the plasma membrane,. This allows for an influx of 
c a++ which brings abo ut microfilament contraction as well as a 
break down of microtubules (Weisenberg, 1972). E vidence supporting 
t he presence of this system in the macrophage comes fro m the work 
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of Wilkinso n, (1975) who found monocyte migration to be significantly 
depressed when the cel l s  were incubated in ca++ and Mg
++ 
free medi a. 
The original rate of migration could be restored by adding the 
calcium ino phore A2 3187 to the medi a.  
The metabolic effector system is utilized by leukocytes in 
mi gration. In this case, attachment o f  an agoni st to the plasma mem­
brane triggers the activatio n of a nucleotide-cyclase. Depending 
upon the specificity· o f  the enzyme, cycli c-AMP , cyclic- GMP or o ther 
cyclic nucleotides are p roduced. I ncreased level s of C- AMP and 
C-GMP inhibit and enhance macrophage migration respectively (E stensen 
et al ., 1973). 
Based upon the phenomenon o f  leukocyte capping, Stossel (1978) 
proposed a hypothetical mechanism for macrophage locomotio n. Ac­
cording to this hypothesis the membrane surface receptors of the 
macrophage adhere to the adjacent substrate. These adherent rec ep tors 
are linked to the contractile network within the cell. The co n­
tractile network which is anchored to the membrane at the sides o f  
the c e l l  (perpendicul ar to the directio n o f  travel) pulls the substrate 
adherent receptors in the o pposite direction of cel l movement. Once 
. the attached receptors reach the uro pod (trailing regio n) of the cell 
the y are either detached fro m the substrate and ingested or they are 
left attached to the substrate and are blebed o ff in smalr memb rane 
vesicles. It remains to be seen whether this hypothesis represents 
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the actual mechanism by which the contractile and adherent molecules 
function in macroph age locomotion. 
1. Chemotaxis 
McCutcheon �n 1946 defined chemotaxis as " a  reaction by whi ch 
the direction of locomotion of cells or organisms is determined by 
substances in their environment. " Specifically, when macrophages 
are exposed to a chemotactic factor gradient, they respond by 
mi grating toward the higher factor concentrations. Chemotaxis i s  
considered to play an important role in bringing macrophages to sites 
of inflammation, infection, wound healing and neoplasia. The i n­
hibition or reduction of macrophage chemotaxis that occurs i n  cancer 
patients has been correlated with a poor prognosis and decreased 
resistance to infection (Sny derman and Stah l ,  1975; Snyderman et al. , 
1977) . 
McCutcheon (1946) proposed that to respond chemotactically the 
macrophage has to be able to detect the microgradient of a chemotactic 
factor present across its surface. Two mechanisms were suggested 
for the detection of the gradient by macrophages. Acc ording to one 
hypothesis the macrophages possess specific surface receptors for 
certain chemotactic agents. When the receptors at a surface site on 
the cel l membrane become predominately occupied by the chemotactic 
factor, this triggers the microfilament- microtubule system to move 
the macrophage in that direction. Snyderman and Fudman ( 1980) re­
cently reported the presence of specific high affinity receptors f or 
the chemotactic N-formylated peptide fMet- Leu- Phe on the p lasmalemma 
of peritoneal macroph ages. These investigators estimated approxi-
mately 10, 000 binding sites per cell. This number is constant in 
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both resident and inflammatory macrophages. Therefore, the increased 
chemotactic responsiveness of inflammatory macrophages probably is 
due to metabolic � vents which occur subsequent to the binding of 
the chemotactic factor to the cell. 
Another hypothesi s proposed by Snyderman and Mergenhagen (1 976 ) ,  
based o n  studies with complement CS a, suggested that chemotactic 
factors may interact directly with the plasma membrane of the macro-
phages. They found that the chemotactic factor CS a is hydrophobic, 
which facilitated its interaction with the cell membrane of the 
macrophage. This factor is though t to act by first entering the 
phospholipid bilayer then altering the ion permeability of the mem­
++ 
brane to allow an influx Of Ca ions which activate the microfila-
ment system. A study by Naccache et al. (1979) showed that CS a 
produced a displacement of membrane Ca
++ 
when it binds to the surface 
of neutrophils. The activation would be a local effect within the 
macrophage and would occur in the region of the cell closest to the 
chemotactic source, thereby initiating cell movement in th at 
direction. This regional effect is supported by the observations of 
Gallin et al. (1978) that demonstrated intracellular cations are 
localized at the plasma memb rane larnellipodia which is extended 
toward a chemotaxic source. 
Macrophages respond to a variety of agents chemotactically. 
Chemot actic f actors are present on Corynebacterium parvum (an acti-
vating ag ent) (wilkinson et al. , 1 9 7 3 )  in th e comp lement sys t e m  (CS a) 
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(Snyderman et al . 1971) and in mil k protein (casein) (Keller and 
Sorkin, 1967). I n  addition , immune complexed (Ward, 1968), lympho­
kines produced by sensitized lymphocytes (Ward et al., 1969), and 
small synthetic oligopepti des such as fMet-Leu-Phe (Schiffman et al . ,  
1975) that are p�esent in bacterial protein degradation products 
(Snyderman and Gudman , 1980) are also chemotactic for macr ophages. 
Chemotactic factors form a diverse group r anging in size from 5 0 0  
daltons for fMet-Le u-Phe (Snyderman et al. , 1980) to greater than 
400 , 000 daltons for heat aggregated serum proteins (Norman and 
Sorkin, 1977). 
2 .  Chemokinesis 
Chemokinesis is defined as an increase in the rate of r andom 
non-directional cell movement. This response has been studied far 
less than the chemotactic response and, therefore, is correspondingly 
less well understood. 
Macrophages activated in vivo by BCG (Popl ack et al., 1976) or 
pyran (Snodgrass et al. , 1977) possess an increased rate of random 
migration in compar ison to normal macrophages. This chemokinetic 
response is thought to be an integral part of the enhancing effect 
this agent has on macrophage metabolism and function. Lymphokines 
produced by antigen or mitogen stimulated lymphocytes also enhance 
the movement of normal macrophages. These lymphokines r ange in size 
from 5 0 , 000 (Fox and Raj araman, 1979) to 2 5 0 , 00 0  daltons (Aaskov and 
Anthony, 1 976 ; Weisbart 1974). Not all the factors with chemokinetic 
a ctivity are produc ed by stimulated l ymphocy tes. Fox et al . (19 74 ) 
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observed that when h e  removed factor s which inhibit macrophage 
movement (MIF) from fetal calf ser um he could detect a macr ophage 
stimulating factor (MSF). Thi s  MSF has a molecular weight around 
67 , 000 daltons. 
Snyderman and Pike ( 1978 ) found that blood monocytes develop 
enhanced random migration when incubated with lymphocyte-der ived 
chemotactic factor under non-gradient conditions. Therefore, it 
appear s that chemokinetic factor s affect the r ate but not the 
directional polarization of macrophage movement, while chemotactic 
factors may affect both. 
3. Methods for E valuating Chemokinesis 
To characterize the chemokinetic factor found in tumor cell 
conditioned media, it is important to measure parameter s of macr ophage 
movement that distinguishes between chemokinetic and chemotactic 
mo vement. Since r andom macrophage movement character izes chemo­
kinesis, it was necessary to develop techniques suitable for 
assaying random later al migration of macrophages. I n  order to detect 
random migration without constant monitoring of individual cell 
migration, comparative measurements of the distances the cells have 
migrated during a unit of time have been used. Among such 
techniques are the capillar y tube assay. of G eor ge and Vaughan ( 196 2 ) ,  
th e  agar well ( Eccles, 19 7 7 )  and the agar micr odrop assays ( Harr ington 
and Stastny, 197 3 ) . All of these assays involve the initial 
localization of a concentr ation of macr ophages followed by the 
fanning out of the cell populati on as t he result of random 
migration. After a suitab le period, the area covered by the cells 
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is quantitated with the aid of a projector, or the distance the 
cells have migrated from the source is determined by linear measure­
ments. These assays have the disadvantage of being insensitive to 
small changes in · the rate of random movement. Theoretically, a 
cell that has increased its distance migrated from the point of 
origin by only 42% has actually doub led its rate of movement. B e­
cau� e the movement is random rather than linear, the rate of migration 
is a function of the area covered by the cell rather than the dis­
tance ( r) from the point of origin. This follows from the formula 
in which area (rate}- = 7n.rl. 2 .  The development of an assay which 
physically restricts the macrophage random migration to a linear 
direction might provide a more sensitive assay of chemokinesis. 
The modified B oyden blind well chamber is the standard assay 
for determining the chemotactic response of macrophages (S nyderman 
and Mergenhagen, 1976). The B oyden chamber consists of a plexiglass 
block containing an upper and a lower well separated by a filter 
membrane. Snyderman and Mergenhagen ( 1976) detected chemotaxis by 
placing the chemotactic factor in the lower well and the macrophages 
in the upper well. Diffusion of the chemo tactic factor through the 
membrane produces a gradient to which the macrophages are attracted 
and they migrate through the pores of the filter into the (lower well) • 
. This assay can also be used to detect chemokinesis (Zigmond and 
Hirsch, 1973). 
To detect chemok inesis Zigmond and Hirsc h (1973) placed the same 
concentration of factors in both the upper and lower wel l . W i t h  
an increase in the rate of macrophage random movement in the upper 
well due to the presence of a chemokinetic factor in the medium, 
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a greater number of macrophages randomly migrated through the filter 
separating the two wells and more cells were counted in the lower 
well. 
C. Tumor Cell Products Affecting Macrophages 
1 .  Factors Depressing Macrophage Functions 
Dizon ( 1963 ) was the first to report that tumors ' products can 
depress macrophage functions. He observed a depression of the cellu­
lar infiltration response to a sterile inflammatory agent i n  cancer 
patients. Using a skin window he compared t he response of normal 
individuals, cancer patients and non-cancer patients. After a 6 hour 
test period, macro phages predominated at the test site of the healthy 
controls, patients with early cancer and those with other diseases. 
In patients with advanced cancer, however, there was a preponderance 
of neutrophils even at 24 and 48 hours. Based on these observ ations, 
Dizon suggested cancer patients have an i mpaired capacity to mobilize 
tissue macroph ages. Soloway ' s  ( 1965)  study corroborated Dizon ' s  con­
clusion. He tested the inflammatory responsiveness of patients with 
and without neoplasia. In his studies chronic bacterial inflammatory 
agents produced predominantly macrophage mediated inflammation in 
patients free of neoplasia, but in cancer patients the i nflamma tory 
response was significantly depressed. 
More recently, several investig ators (Boetcher, 1974 ; Bice, 1 9 76 ; 
Snyderma n and Pike, 1977 ) studi ed the in vitro chemot actic response of 
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b lood monocytes from patients with a variety of di fferent cancers . 
In each study , a substant ial number of patients pos s e s sed monocytes 
with abnormal chemotact i c  capacity . Snyderman ' s  e t  al . (1 977) study 
correlated the best progno s i s  wi th those patients having normal chemo­
tactic response prior to chemotherapy . Snyderman et al . (1978c.) a l so 
noted abnormal chemotactic responses among patients with mal ignant 
breast tumors wh ile patients with benign breast tumors had normal 
monocyte chemotactic responsivenes s . 
Direct evidence demonstrating tumor re lease ot macrophage in­
hibitory factors came from the work o f  Fauve C1974 l . He found 
that culture media in whi ch mal i gnant teratocarcinoma c e l l s  were grown 
contained a substance with a mol e cular weight of 1 03 to 1 0
4 
daltons 
which suppre s s ed inflammatory respons e s  in the peritonea l  cavity . 
Due to the relatively short time (.6 hours l. involved , mos t  of the c e l l s  
inhibited b y  this factor were neutroph i l s . 
In a series of detailed s tudi e s , a soluble tumor (6, 000 - 10 , 00 0  
daltons l. factor present i n  the s erum and urine of tumor bearers was 
found to produce both the reduced inflammatory response and the re­
duced macrophage chemotactic abi l i ty ( Snyderman and P ike , 1 976 and 
Snyderman and Ciancio lo , 1 979 l . In vitro s tudie s  by Nelson and N e l son 
(1 97 7 }  de scribed a s imilar size chemotactic inhibitor present i n  
condi ti oned media of neoplastic c e l l s . The importance of the neo-
, plastiC factors that l imit macrophage chemotactic abi l ity was corre­
lated by several findings o f  Snyderman et al . ,  ( 1 9 7 8b ) . Relatively 
smal l  numbers of tumor c e l l s  (1 x 104) were capable of pr0ducing 
enough factor to inhibit systemic macrophage chemotax i s . Mice treated 
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with the neoplastic factor required implantation of fewer neop l as t i c  
cells in order t o  g e t  tumor growth and the tumors grew faster in the 
treated mice than in contro l s . 
Recently a pos sible association between the neoplastic chemo­
tactic inhibito� and viruses has been sugge sted . Both Stevenson , 
et al . ( 19 8 0 )  and Cianciolo et al . ( 1 9 8 0 )  dis covered that mice in­
fected with oncogenic or lacti c dehydrogenas e ( LDH ) virus pos s e s s e d  
chemotacti c inhibitors i n  the ir s erum . The inhibitor isolated from 
the LDH virus envelope proteins was approximately the s ame s i z e  
( 1 5 , 0 0 0  daltons ) as t h e  neoplastic inhibitor . Chemotactic inhibi­
tion also occured in mi ce bearing tumors free of detectable virus . 
However ,  the pos s ibility does exi s t  that the s e  tumors were infected 
with an undetected virus or synthes izing viral proteins . Hence , an 
associated viral infection and not the malignant disease may be re­
spon s ible for cancer-associated macrophage chemotaxis s uppres s ion . 
S everal other neoplastic factors have been found to inhib i t  
other macrophage function s . Yamaz aki et al . ( 1 9 7 7 )  found a l ipopro­
tein pres ent in the cell- free ascites of ascites tumor " bearing mi c e  
that inhibits macrophage ADCC of ascites tumor cells . Cheun� et a l  ( 1 9 7 9 )  
characterized a 3 , 5 00 dalton mole cular weight l ipid-like f actor i n  
homogenates o f  severa l murine tumors ( LL ,  EL4 , B 16 , mKSA and Meth lA ) 
whi ch inhibited tumor cell k i lling by activated macrophage s .  North et . al .  
( 1 9 76 ) des cribed a dialyzable factor in the s erum of tumor bearing 
mi ce whi ch inhibited macrophage medi ated host res i s tance to bacterial 
parasite s .  A 2 5 , 00 0  dalton molecular weight , heat stable factor 
was i s o l ated by Rhode s et . a l .  ( 19 7 9 ) from supernatant of cultured human 
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tumors . Thi s  factor inhib ited the increased expres s ion of Fc receptors 
that norma lly occured when b lood monocytes were cultures for 24 hours 
i n  10% fetal calf serum (FCS ) . 
Of the several macrophage functions inhibited by neoplastic 
factors , the inhibition o f  chemotaxi s i s  observed most often i n  tumor 
bearing animal s .  Thi s suggests that inhibi tion by neoplastic c e l l s  
o f  macrophage mobility or directional movement could p lay a r o l e  i n  
insuring the escape o f  the tumor from the h o s t  defens e .  
2 .  Factors Enhancing Macrophage Functions 
In contrast to ' the neoplasia mediated depre s s ion of macrophage 
mob i l i zation a series of reports have demons trated that factors 
produced by tumor c e l l s  can increase the pro l iferation of c e l l s  i n  
t h e  monocyte/macrophage s eries . Thi s  pro l i ferative e ffect was 
observed in the bone marrow ( Baum and Fi sher , 1 9 7 2 , Khaitov et a l . ,  
1 9 7 6 ) , in draining lymph nodes (£arr , Price and Westby , 1 9 76 } , i n  
pheripheral blood (Eccles , Bandlow a n d  Alexande r , 1 9 7 6 )  a n d  i n  
peritoneal macrophages (Nel son a n d  Kearney , 1 9 7 6 )  o f  t h e  tumor bearing 
animal s .  However , no macrophage mitogen i c  factor has yet been i so lated 
from neoplastic cells . It is pos s ible that thi s proli ferative 
macrophage response is mediated indirectly by macrophages and is not 
a reflection of the direct e ffect o f  a factor produced by tumor c e l l s . 
B lake s lee ( 19 7 8 )  examined the e f fects of MCA fibrosarcoma­
conditioned media upon normal resident and proteose peptone e l i cited 
macrophag e s . After 3 days o f  incubation , thes e  macrophage s deve loped 
a morphology s imilar to BCG activated macrophages ( increased 
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spreading and highly vacuo lated cytoplasm ) , an enhanced rate o f  
migration , a n d  cyto static activity against fibrosacoma c e ll s . 
Blakeslee concluded that a substance of approximately 12 , 000 daltons 
molecular weight in s arcoma conditioned media was respons ibl e  for the 
activation of the macrophage s  in vitro . 
Other factors found in tumor c e l l  conditioned media were observed 
to enhance the mobility o f  activated macrophages . Meltzer and Leonard 
( 1 9 7 7 )  des cribed a 1 5 , 000 dalton mol e cular wei ght factor which behaved 
as a chemoattractant for BCG activated macrophage s  but not for normal 
macrophages . 
A chemokinetic effect upon activated macrophages was obs erved by 
Meltzer et &. (19 7 5 )  during the cinemi crographi c  analys i s  of macro­
phages incubated in vitro with various target cell s . BCG activated 
macrophages exhibited a rate of lateral movement that was 5 times 
greater in the presence of neoplastic embryon i c  cel l s  than in the 
pre sence of normal embryonic cell s . When normal macrophages were 
tested under these conditions ,  thei r  rate of l ate�al movement was the 
s ame in both cases . 
Snodgrass et al . ( 19 76 , 1 9 7 7 ) ' performed a more detai led c inemicro­
graphic analys i s  of activated and normal macrophages in the pre s en c e  
of Lewis lung carcinoma LLL) c e l l s  a n d  normal mouse embryo fibrob l a s t s  
(HEF ) . Pyran activated macrophages incubated with HEF showed a lateral 
rate of movement 3 times greater than did normal macrophages .  In 
the pres ence of the LL carcinoma cell s , the activated macrophage 
moved 8 . 9  time s faster than normal macrophages and 2 . 9  t imes fas ter 
than activated macrophage s  alone or with MEF . 
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Subsequently Snodgrass e t  al . ( 19 7 8 a ; 1 9 7 8b )  reported similar 
results when activated and normal macrophages were incubated i n  c e l l  
f r e e  media conditioned by growing LL carcinoma , 2 1 8 1  fibrosarcoma o r  
MEF cells . They concluded that neoplastic c e l l s  produced a chemo­
kinetic factor . -As with the neoplastic chemoattractant (Melzter 
and Leonard , 1 9 7 7 ) , this chemokine t i c  factor i s  selective in acting 
upon stimulated �acrophage s .  A macrophage migration enhancing factor 
o f  tumor origin that may be i dentical to Snodgras s ' s  chemokinet i c  
factor w a s  characterized b y  Nel son a n d  Nelson ( 1 9 7 7 ) . Thes e  inve s ti­
gators found that proteos e  peptone e l icited macrophage migration 
was enhanced 29% in - the presence o f  tumor conditioned media . 
As with the inhibi tory factor s , the enhancing neopla s t i c  factors 
act primarily on macrophage migration . The requirement of macrophage 
stimulation for the re spons e  to the enhancing factors indicates that 
thes e  factors could be involved in triggering the s t imulated macro­
phages to destroy neoplastic c e ll s . In thi s  sense , the enhancing 
factors could repres ent an integral part o f  the mechanism o f  macro­
phage localization and tumor cell kil ling at a neoplastic l e s ion . 
A .  Animals 
III, MATERIALS AND METHODS 
Six to eight weeks o l d  C 5 7BL/6J mi c e , mal e  and female , were 
obtained from Jackson Laboratories , Bar Harbor , Maine . All mic e  
were maintained o n  RMH- 3 000 Rodent Laboratory Chow (Charles Rive r , 
Agway , Syracuse , New York ) and chlorinated water ad libi tum . 
B .  Buffers and Media 
1 .  Physiologic Saline ( P S ) �49 roM :  B . 7  gm NaCl was d i s s o lved 
in deionized water ( d . H
2
0 )  to make 1 lite r . 
2 .  Phosphate Buffered Saline (PBS )  pH 7 . 2 ,  149 roM ,  ( for 
general use ) : dissolve 1 . 1 5 gm o f  Na
2
HP0
4
0 . 2  gm of KH
2
P0
4
, B . O  gm 
NaCl , and 0 . 2 1 gm KCl in 1 liter d . H
2
0 .  
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3 .  Phosphate Buffered Saline , pH 7 . 2 ,  1 0  roM ( for Column chroma-
tography ) : 56 mI . of 0 . 2M Monobas i c  Sodium Phosphate and 144 mI . 
of 0 . 2M Diabas i c , Sodium Phosphate were combined with PS added to 
obtain a final volume o f  4 liters . 
4 .  Trypan Blue ( for viab i l i ty counts ) :  dis solve 0 . 1 5 gm trypan 
blue in 100 ml P S . 
5 .  Diluent ( for t i s sue culture passage ) : dissolve B . O  gm NaC l , 
0 . 4  gm KCl , 0 . 11 gm Na2HP04 • 7H2 0 ,  0 . 0 6 gm KH2P04 , 1 . 0  gm Glucose 
in 1 liter d . H
2 0 .  The solution was autoclaved and s tored at 4
o
C .  
6 .  EDTA Solution (For T i s sue Culture Pas sage ) : 10 ml of 2 % 
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EDTA (S i gma Chemi cal Company , St . Louis , Mis souri ) were added t o  9 0  m l  
o f  di luent . 
7 . Barbital Buffer , pH 8 , 2 ,  7 7  roM (for Ouchterlony double 
diffusion ) : Sodium barbita l .  1 5 . 85 gm ;  and 1 . 9  ml conct . HCl were 
dissolved i n  800- 9 0 0  ml d . H2 0 ,  adj usted to pH 8 . 2  with dilute HCl 
and adj usted to a volume o f  1 liter . 
8 .  Hank ' s  Balanced Salt S olution (HBS� ) pH 7 . 2 ,  1 4 9  roM ,  (for 
washing macrophages and tumor cells ) : 10 ml of l OX HBSS [Grand I s l an d  
Biological Company (GIBCO ). , Grand I s land , N e w  YorJD ' added to 9 0  ml 
sterile d . H2
0 ,  and adj usted to pH 7 . 2  with sterile s aturated NaH
2
co
3 
in d . H2 0 .  
9 .  Culture medium used i n  a l l  experiments : Eagles Minimal 
Es sential Medium (EMEM) with Earle ' s  balanced salt s olution (GIBCO ) , 
essential amino acids (GIBCO ) , vitamins ( GIBCO) , 1 0 0  u peni c i l l i n/ml 
(GIBCO ) , 1 0 0  mcg streptomycin/ml ( GIBCO ) , and 2 0 %  fetal calf s e rum 
(FCS ) ( GIBCO ) . 
1 0 . Tumor condit ioned media was prepared by growing neoplastic 
cells in the same medium with or without FCS for 24-48 ·  hours The med i a  
are then centri fuged at 7 0 0  x g for 1 5  minutes to remove c e l l  debr i s . 
11 . Mouse Embryo Fibroblast (MEF ) conditioned media was prepared 
in the same manner . 
l2 . Mouse Activated Serum (�mS ) , the chemotactic media containing 
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C 5 a  was made by incubating fresh mouse s erum with Zymosan ( l Omg/ml ) 
at 3 70C for 1 hour and at 5 60C for 1 hour , The s erum was then di luted 
in EMEM without FCS and stored at _ l SoC .  
C .  Determination o f  C e l l  Viab i l i ty 
For both , pas sage of neoplastic c e l l  line s and preparation o f  
macrophages , the Trypan Blue exclus ion technique was uti l ized to 
determine the viab i l i ty of c e l l  preparations . 
1 .  Add 1 part o f  the c e l l  suspens i on t o  1 part o f  the trypan 
blue PS solution . 
2 .  Load cells into hemacytometer and count the number o f  un-
stained (viab l e )  c e l l s  in 4 large corner squares within 3 minutes .  
3 .  Determine the mean number o f  viable cells/large square 
4 1 viab l e  c e l ls/ml = (mean number per l arge sq)  x 10 /ml 
x di lution 
D .  Neoplastic Cell Lines 
The Lewi s Lung carcinoma eLL )
' i s  a spontaneous pulmonary adeno-
carcinoma o f  a C57BL/6 mou s e  characterized by Lewis in 1 9 5 1 . I n  our 
faci l ities the tumor line was propogated in the same strain . 
The B - 1 6  me lanoma arose spontaneous ly in a B6 mouse in 1 9 5 4  
( Green , 1 9 6 6 ) . In our fac i l ities the tumor line was maintained by 
transplantation in the C 5 7BL/6 strain . 
The Ehrlich mammary carcinoma was first adapted to the a s c i t e s  
f o rm  b y  Loewenthal a n d  John in 1 9 3 2 . In our laboratory , the Ehr lich 
ascites carcinoma line was ma intained by transplan tation in C 5 7BL/6 
mic e .  
The MTDI tumor line wa s supplied by Dr . B .  Diwan o f  Meloy 
Laboratories Inc . ( Springfield , Virginia ) , Thi s  dimethylbenz [a) 
anthrene induced mammary adenocarcinoma was maintained in BALB/c 
mice by subcutaneous transplantation , 
The MCA ( k l K and MCA (k ) E  tumor lines are methyl cholanthrene 
induced fibrosarcomas . They were induced in the C 5 7BL/6 mouse i n  
1 9 7 9  b y  Dr . A .  M .  Kaplan at t h e  Medical Col l ege o f  Virginia . 
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Cell cultures were passaged at confluence every 4 t o  5 days . Thi s 
was accomplished by rinsing 2 5  cm
2 
culture flasks (Fa lcon , Oxnard , CA l 
twice with diluent , then incubating the cultures in a solution of 0 . 2 % 
EDTA at 3 70C for 15 minutes .  After incubation , 2 . 0  ml o f  EMEM s up­
p l emented with FCS was added to the flasks and subs equently the c e l l s  
were harve sted by . pipetting . New cultur e s  were s e t  up by plating 
1 x 1 05 cells in 2 5  cm2 culture flasks , 
E .  Acqui s ition o f  Norrnal C e l l s  
The normal cells uti l i zed as control s  in t h i s  s tudy were fibro­
blasts . These c e l l s  were obtained from C 5 7BL mouse embryos at 1 5  to 
17 days of gestation . The embryos were cut into small pieces and to 
obtai n  a cell suspens ion the t i s sue fragments were forced through a 
10 ml syringe . The suspens ion was placed in a trypsini zing flask 
with 50 ml of EMEM containing 1 . 2 5 ml o f  1 0 %  tryps in . After aggita­
tion for 1 hour the c e l l s  were decanted , fil tered through gauz e , 
and plated at a dens ity of 5 x 1 05 c e l l s  per 2 5 cm2 cul ture f l a s k  
containing 5 m l  o f  E�ffiM. Embryo fibroblast cultures were ma intained 
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in the same manner as the cultures o f  tumor c e l l s . 
F .  Acqui s i tion of Macrophage 
1 .  Resident Macrophages 
Following cervical dis location the abdominal skin o f  a mous e  was 
reflected to expo se the translucent abdominal mus culature overlying 
the peritoneal cavity . Fol lowing an intraperitoneal (L p , ) inj ection 
of 5 ml of cold HESS the abdomen was briefly mas s aged and the peri­
toneal exudate drained . Thi s  procedure was repeated three t i�e s . The 
peritoneal cells obtained were washed 3 times in HESS , and c e l l  
viability a n d  t h e  number o f  cells determined . In addi tion , a samp l e  
o f  the c e l l s  w a s  stained f o r  non- spec i fic esterase to determine the 
number of macrophages present . 
2 .  Elicited Macrophages 
Two agents were used to elicit macrophages . Mice were inj ected 
L p .  with e i ther sterile 2 . 5 % type I I  Oyster G lycogen ( S IGMA Chemi cal 
Company , st.  Loui s , Mi s s ouri ) solution (0 . 2 5 mll l O  gm body weight ) 
or with 1 ml of 10% thioglyco llate broth (Difco Laboratories , Detro i t , 
Michigan ) . The e l i c i ted peritoneal macrophages were harvested on the 
fi fth day pos t  inj ection . 
3. Activated Macrophages (AM¢ ) 
A suspension of C .  parvum was obtained from Burroughs We llcome 
Co . (Re search Triangl e , N . c . l .  Pyran copolymer , .  ( lot XAl 2 4- 1 7 7 )  
was obtained from Hercules Chemical Corporation (Wilmington , Delaware ) .  
Peritoneal macrophages were activated by inj ecting mice i . p .  with 
�. parvum (35 mg/Kg l or pyran (2 5 mg/Kg ) 7 days be fore harve sting 
of the peritoneal c e l l s . 
4 . Identi fication by Routine Histology 
Due to the heterogeneity of the peritoneal exudate population 
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i t  wa s necessary t o  determine the percentage o f  peritoneal rnacrophages 
migrating in the capil lary tubes .  The differential Wright stain , 
the Giemsa nuc lear stain and the non-specific e s terase stain techniques 
were employed to distinguish histologically macrophages from lympho­
cytes and neutrophiles present in peritoneal e xudates . 
The differential stain consisted o f  drying the c e l l s  on g l a s s  
s lides , followed b y  a 1 5  s e cond staining with Instant Wright S t a i n  
( C analco , Rockvil l e , Mary l andl a n d  a r i n s e  i n  d . H
2 0 .  C e l l s  having 
a large diameter ( 1 0  to 14 urn) , oval to kidney shaped nuc leus , 
cytoplasmic granules and vacuoles were con s i dered macrophage s . 
The nuclear stain invo lved fixing the c e l l s  with 1 0 0 %  methanol ,  
s taining for 1 5  minutes with Wolbach ' s  modifi cation (Wolbach et a l . ,  
1 92 2 )  o f  the Giemsa stain and rinse in d . H
2
0 .  C e l l s  having a large 
diameter ( 1 0  to 14 urn) , and a oval to kidney shaped nucleus were con­
s idered rnacrophages . 
The identification of macrophages by non-spe c i f i c  e s terase 
s taining was performed according to the method o f  Tucker and Jordan 
U9 7 7 ) . Brie fly , c e l l s  were fixed with saponin formalin for 4 0  
seconds , then incubated i n  a fresh mixture o f  hexazoniurn �araro s a n i l i n  
a n d  � naphthyl butyrate in cacodylate buffer , at 3 70C f o r  1 2  minutes . 
Cells which stained brownish-red were con s i dered esteras e  positive . 
In the peritoneal population only the macrophage stains estera s e  
positive . The non- specific esterase stain was routinely used to 
determine the percentage of macrophages in the peritoneal exudate . 
5 .  Determination o f  �hagocyti c  Capacity 
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Latex beads (Di fco-Bacto latex 0 . 81 )  were resuspended in EMEM 
at 5 x 1 08 beads/m1 . Thi s  suspension was then layered ove r  adherent' 
cells and the cells were incubated in a humidified 95% air and 5% 
o CO
2 
atmosphere at 37 C .  After two hours the cultures were rinsed 
several times , the cells were drie d  and stained with Instant Wright ' s  
stain . Cells containing three or more latex beads were con sidered 
pos itive for phagocytos i s . 
6 . Scanning E l ectron Microscopy ( SEM) 
SEM was employed to determine the surface morpho logy o f  c e l l s  
migrating i n  the capi l lary tube s . Cap i l lary tubes conta ining 
activated macrophages were prepared as des cribed in Section IV .  A .  
(page 44 ) .  After a 6 hour incubation in , experimenta1 and control 
media , the tubes were removed and fixed in phosphate buffered 2 %  
glutera l dehyde , pH 7 . 2 . After 1 5  minutes the c e l l s  were washed i n  
buffer and postfixed i n  phosphate buffered 1 . 5 % OS04 (pH 7 . 2 )  for 
15 minutes .  Fol lowing osmication , the cell preparations were rinsed 
in buffer , and the upper surface o f  the capillary tube broken away 
to expose the migrated cel l s . The samples were dehydrated through 
acsending concentrations of acetone and fina l ly in Freon TF . S amp l e s  
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were critical-point dri e d  with a Polaron apparatus using Freon 1 1 6  
as a transitional flui d .  The s amples were coated with a 2 0  um thi ck­
ness of gold-pa lladium in an E iko ion coater . The surface morpho l ogy 
of the cells were viewed with a Hitachi S - 5 0 0  s c anning ele ctron 
micros cope ( SEMl .' 
7 .  Time Lapse Cinematography 
Vital micros copy was used to s tudy the migration of activated 
macrophages in the presence and absence o f  the neoplasti c c e l l  
derived chemokinetic factor according to previously des cribed 
procedure s  ( Snodgras s ,  1977 ) . Capillary tube s  containing activated 
macrophages were placed in Sykes-Moore chambers at pH 7 . 2 .  A Wild 
M4 0 inverted phase contras t  micros cope enclosed in a cus tom incubator 
was used for cinematography . Dur:ing f i lming the specimen was main­
tained at 3 70C in a moi s t  atmosphere o f  5 %  CO2 and 95% air . A 
Bellex Pollard 16 rom camera was regulated with a Sage Series 5 0 0  
cinematographic apparatus (S age Instruments , White Plains , New York ) . 
Exposures were made at 0 . 4  s ec/exposure and 1 . 0  exposure/min with 
Kodak P lus-X revers a l  1 6  rom f i lm .  Cells were f i lmed with a lOX 
pha se-contrast obj ective lens and a 5X pro j ection lens . The rate 
of latera l movement of macrophages was measured by mapping the 
pos ition o f  individual c e l l s  at 10-minute interva l s  (as s hown in 
Figure 2)  and measuring the distance traveled with a Numonics Mod e l  
2 5 0  planimeter (Numonics Corp . , Lansdale , Pennsylvani a ) . 
G .  Macrophage Chemotaxi s Assay 
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Thi s assay was used i n  conj unction with the chemokinetic stud i e s  
to determine whether the isolated chemokinetic factor a l s o  h a d  any 
chemotactic characteri stics . Di lutions of the LL conditionea medi a , 
the LL derived chemokinetic factor , unconditioned media and MAS were 
preheated to 3 70C and placed in the · lower wel l s  of the modified Boyden 
chemotactic chambers . Polycarbonate membrane filters with 5 pm pores 
(Nucleopore Corp . , Pleasanton , Cali forn i a )  were placed over the lower 
wel l s  (dull s ide up ) . The upper wel l s  were filled with 0 . 2  ml of peri­
toneal cells (2 x 1 06/ml l in EMEM . The chambers were incubated at 3 70C 
in a 95% air and 5% CO
2 
humidified atmosphere for 4 hours . After in­
cubation , the upper wel l s  and membranes were removed and 0 . 02 ml o f  0 . 2 % 
EDTA in saline added to the lower wel l . Following a 15 minute incuba­
t ion , the cells in the lower wel l  were vigorou? ly pipetted to loosen 
any adherent cells and then counted . All s amples were assayed in tri­
plicate . One tail student ' s  t-test was used to a s s e s s  the s igni f icance 
of difference s .  Significant differences were cons idered to be P < 0 . 0 5 .  
H .  Concentration o f  Tumor Conditioned Media 
1. Dialyzation and Lyophilization 
The LL conditioned medi a , without FCS , had a very low protein 
concentration ( l e s s  than 0 . 0 5 mg/ml ) .  Therefore , it was n e c e s sary 
to concen trate the se media by lyophi lization be fore proceeding with 
the experiments .  
Dialys i s  tubing , half inch in diameter was f i l led wi th t umor 
conditioned media and placed in a 4- liter flask of d . H2 0 on a 
stirring plate at 4
o
C .  Dialy s i s  proceeded for 4 8  hours with one 
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change o f  d . H2 0 .  
The material was frozen in vacuum flasks , attached 
to a Denton Freeze-drying apparatus and lyophilized overnight . Thi s  
freeze-dried material was kept at D
o
C unt i l  needed . 
2 . Ultrafilitration 
Initially Lewi s lung and Ehr l i ch ascites conditioned media (with 
FCS ) were filtered through a Diaflow XM 100 membrane (Aroicon Corp . , 
Lesington , MA) with a molecular weight cutoff of 1 0 0 , 00 0  daltons to 
determine the mol ecular weight range Cabove or below 1 0 0 , 0 0 0  dalton s )  
of the chemokinetic factor , Later it was used to concentrate the 
high .molecular we ight material in the media for molecular s i eve 
chromatography . Media were fi ltered in Aroicon s t i rring c e l l s  at a 
pre s s ure of 15 psi n itrogen . 
I .  Molecular-Sieve Chromatography 
Five mi lli liter s amples of 10 fold concentrated LL condi tioned 
media (molecular weight greater than 1 0 0 , 0 0 0  daltons ) were fractionated 
on a hydrated Sepharose 4B (Pharmac ia , Fine Chemi cals AB .  Upp s a l a , 
Sweden )  column (bed length 70 em ,  bed dia 2 . 5  cm) to part i a l ly pur i fy 
the chemokinetic factor and to determine its approximate mo lecular 
weight . 
Phosphate buffer saline , pH 7 . 2 ,  1 0  roM was used as an e luent to 
run the sample through the column at 4
o
C .  A flow rate o f  1 5  ml/hour 
was maintained during fractionati on . 6 ml fractions were collected 
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o n  a n  ISCO �raction collector (Instrument Specialities Co . , Lincol n , 
Nebraska ) .  Immediately after the samples were fractionate d , the rela-
tive protein concentration in each tube was determined by measuring 
absorbance at 280 nm with a model DU spectrophotometer (Beckman Insru-
ments , Inc . , Pasadena , Cali fornia ) .  The column was calibrated (to 
determine molecular size)  using the following standards : thyroglo-
bulin (6 7 0 , 00 0  dalton s ) , catalase ( 23 0 , 0 0 0  daltons ) ,  aldola se ( 1 6 0 , 00 0  
daltons ) and blue dextran (5 , 0 0 0 , 000 daltons ) .  
J .  Sodium-dodecysulfate Po lyacrylamide Gel Electrophores i s  
( SDS-PAGE )  
PAGE was used t o  determine the purity o f  the chemokinetic 
fraction obtained from the S epharos e  4B chromatography o f  the LL 
conditioned media and to compare the protein species present in the 
CKF with those in LL conditioned media and - in FCS . A dis c  electro-
phores i s  apparatus (Canalco , Rockvi l l e , Maryland ) was emp loyed .  
Following the procedure o f  Laemmli (19 7 0 ) , 5 0  pI s amples o f  the s e  
materials were electrophoresed in 6 %  polyacrylamide gels f o r  4 hours 
at 2 . 5  rnA/Gel . The gels were fixed for 1 hour in 1 2 %  acetic aci d , 
stained in a solution of . 02 5 %  Cooma s s i e  blue , 7% isopropy l alcohol 
and 1 0 %  acetic acid for 1 hour and then placed in a gel destainer 
(Canalco , Rockvi lle , Maryland) for 48 hours . Den s itometer s c an s  of 
the gels were pe rformed using an absorbtometer adj usted to 570 nm . 
Thes e  scans provided a method of comparing the location and relative 
quantity of proteins in the gels , 
K. Enzymatic Digestion of the Chemokinetic Factor 
The susceptab i l ity of the chemokinetic factor to digestion by 
the enzymes trypsin ( c l e aves arginine and lys ine peptide l inkage s )  
and chymotrypsin ( cleave s phenylalan ine , tyros in e  and tryptophan 
peptide linkage s )  was evaluated in an e f fort to e lucidate the pro­
t einaceous makeup o f  the factor . On"e ml of LL conditioned medium 
without FCS was incubated for 1 hour at 2 50C with various concentra­
tions of tryp s in (Activity : 19 units/ml at 2 50C l  and chymotryps in 
(Activity : 20 units/ml at 250C )  bound to agaros e  beads (Mi les 
Laboratories , Elkhart , Indiana ) . The substrate bound enzyme s were 
then removed by centri fugation and the chemokinetic activities of 
the media were determined in the capillary tube assay . The relative 
chemokinetic activities of each of the media were correlated with 
the concentration of enzyme to whi ch the media were exposed . 
L .  Preparation o f  a n  Anti-Chemokinetic Factor Antiserum 
P roduction of a spec i f i c  anti-CKF anti s erum provided a useful 
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tool for the immunological ident i f i cation o f  the chemokinetic factor 
by the Ouchterlony technique and could a l so be used for both immuno­
histochemical localization and affinity column i s o l ation of the factor . 
To produce the anti- serum ,  a mixture of 0 . 5  mg of column pur i f i e d  
chemokinetic factor in 1 . 0  ml s a l ine with 1 . 0  ml Freund ' s  complete 
adj uvant ( GIECO ) was emuls i fied by pass ing the mixture between two 
5 ml syringes attached by Tygon tubing , After a 1 hour incubation at 
40C the s uspens ion was mixed again , warmed to 3 79C and prepared for 
inj e ction . A 5 month o l d  rabbit was primed with intradermal ( i . d . ) 
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inj ections a t  2 5 di fferent sites along the dorsal surface wi th a 
total of 1 . 5  ml inj ected . Booster inj e ctions (i . d .  of . 5  mg protei n )  
were given a t  6 and 8 we eks . At 1 0  weeks the s e rum was tested for 
anti-CKF activity by the capillary tube micro-precipitation method 
and the animal was bled . Serum was frozen in . 5  ml a liquots at 
- 7 0oC until us ed . 
M. Absorbt ion of Antis era With Aggregated Cal f Serum 
Due to the presence of FCS proteins in the CKF it was nece s sary 
to remove the FCS spe c i f i c  antibodies from the antis erum by absorbtion 
with FCS . Fetal Calf Serum was rendered insoluble by chemical aggre­
gation . Thi s  insoluble irnrnunoabsorbtion t echnique has the advantage 
o f  the effi cient r emoval o f  the aggregated FCS and the bound FCS­
specific antibodies from the rabbit antiserum after ab sorbtion . 
Insoluble polymers of FCS were prepared by the Ethyl chloro­
formate coupl ing method o f  Avramea s  and Ternynck ( 19 6 7 ) . Five grams 
of FCS was added to 1 0 0  ml of pH 4 . 8 ,  0 . 2M acetate buffer . Ethyl 
chloroformate ( J . T .  Baker Chemi cal Co . ,  Phi l l ipsburg , New Jersey ) 
was added to the mixture dropw i s e  whil e  stirring . The mixture was 
stirred for 4 5  minutes and the pH maintained at 4 . 5  to 4 . 8  by the 
dropwi s e  addition of 1 N NaOH . The mixture was a llowed to stand for 
an additional 1 to 2 hours . The pre cipitate was then homogenized 
with a Ten Brook tis sue homogenizer and washed five times with pH 
7 . 2 PBS , twi ce with 0 . 1 % Na
2
C0
3
, twi ce with pH 7 . 2 PBS , twi ce with 
pH 2 . 2 ,  0 . 2  M glyc ine-HCl buffer and once with pH 7 . 2 PBS unt i l  the 
pH of the final e luate equaled pH 7 . 2  and the OD at 280 nm o f  the 
final e luate was less than 0 . 0 2 .  
Aggregated FCS iromunoabsorbent was added to an equal volume o f  
whole anti- chemokinetic factor . The mixture was incubated a t  3 70C 
for 1 hour with occas iona l stirring and sub sequently centri fuged at 
7 0 0  x g .  After c�ntri fugation the s upernatant (absorbed ant i s e rum) 
was collected and frozen . 
N .  Ouchterlony Doub l e  Diffusion A s s ay 
The purpose of the double diffusion assay was to test the . 
specificity of the anti-CKF antis erum to bind and form pre cipitation 
lines with proteins present in CKF , LL conditioned media and FCS . 
Comparison of these precipitation lines provided information con­
cerning the specific ity and cro s s  reactions o f  the anti-CKF with the 
proteins present in LL conditioned media and FCS . 
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Glass s l ides ( 5 0  x 7 6  rom) were coated with a film o f  1 . 2 5 %  Agar 
( Oxo id Limited , England ) in barbital buffer pH 8 . 2  and dri ed at 6 0°C 
for 1 hour . Liquid 1 . 2 5 %  agar in barbital buffer was then poured 
onto the plates to a thickne ss o f  1 . 5  rom and a llowed to solidify . 
We l l s  were punched in the agar and the various antigens and ant i s e ra 
added to the appropriate we l l s . After a 24 hour incubation at 4°C 
the s l ides were washed for 2 4  hours in PBS then fixed in 1 2 %  a c e t i c  
acid f o r  1 hour . To increase the resolution of precipitin line s , the 
s lides were stained with Cooma s s i e  Blue for 1 hour , washed twi c e  in 
5 % acetic acid , dried at 60
0
C and finally washed in 5 %  acetic a c i d . 
0 .  Indirect Immunofluores cence Local i z ation o f  CKF 
To determine whether CKF i s  pres ent on the surface of LL tumor 
c e l l s  and whether the attachment of CKF to putative macrophage 
plasma-membrane receptors is a prerequi s i te for chemokinetic stimu­
lation , both LL cells and activated macrophages were subj ected to 
indirect immunofluore s cence s taining uti l izing anti-CKF anti serum .  
The following indirect immunofluore scence staining technique 
is based upon the method des cribed by Kawamura ( 1 9 6 9 ) . Glass 
s lides ( 7 . 6  x 2 . 5  em) were cleaned , placed " in 1 5 0  mm diameter 
Petri dishes and steril i z e d .  Two tenths mil l i l i ter of 1 . 0  x 1 07 
ml of C .  parvum activated peritoneal c e l l s  or 5 x 1 06/ml LL c e l l s  
were placed o n  each s lide to form a 1 - 1 . 5  mm diameter pool . 
After. 2 hour s  of incubation at 3 7oC ,  in a humidified 5% CO
2 
9 5 %  
4 2 
air atmosphere the nonadherent cells were washed from the macro­
phage s lides and all s l ide s were completely immersed in - media . After 
an additional 24 hours of incubation , the s lides were cooled on 
ice for 15 minutes and washed 3 times with PBS . Subsequently s ome 
o f  the s lides wi th adherent macrophages were incubated in LL con­
ditioned media for 1 hour then washed 3 times with PBS . All 
s l ides were incubated for 3 0  minute s with decomplemented anti-CKF 
di luted 1 : 5  in PBS or with control solutions ( i . e .  horse s erum , 
normal rabbit serum or PBS ) . After washing 3 t imes with PBS the 
s l ides were incubated for 30 minutes with a 1 : 5  di lution o f  Fluore­
scein I sothiocyanate (F ITC ) conj ugated Goat Anti-Rabbit globulin 
(Cappel Laboratories , Inc . , Cochranvi l l e , Pennsylvania ) ,  rinsed 
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3 times with PBS and covers lipped with 5 %  glycerol in PBS . In other 
preparations , cell suspens ion of £. parvum activated peritoneal c e l l s  
or LL c e l l s  were processed f o r  immunofluores c en c e  staining . Three 
mi l lion cells were placed in each culture tube ( 8 x 7 0  mm ) .  The 
peritoneal cel l s _ were incubated in 1 ml of ice cold unconditioned or 
LL conditioned media for 1 hour then washed 3 times with 1 ml of 
PBS . All anti-Bovine S erum ( B S ) and anti-CKF incubations were per­
formed using 0 . 1  ml of 1 : 5  di luted antiserum per tube . The c e l l s  
in e a c h  tube were washed 3 t imes i n  PBS , incubated in 0 . 1  ml Q f  
FITC conj ugated goat anti- rabbit globulin f o r  3 0  minutes , washed 
3 t imes in PBS and resuspended in 0 . 1  ml o f  5 %  g lycerol in PBS . 
A single drop of suspended c e l l s  from each preparation was placed 
on an acetone cleaned slide and covers lipped .  
All slides were examined for f luorescent staining with a Zei s s  
Photomi croscope I I I  using a No . 5 1  barrier fi lter and UV i llumination . 
The degree of membrane staining of each preparation was j udged on a 
scale from 0 to 4+ , with 0 repres enting the absence of fluor e s cence 
and 1+ to 4+ representing increasing inten s i t i e s  o f  membrane fluore-
s cence . 
IV. RESULTS 
A .  The Cap i l lary Tube Higration Assay a s  a Heans of 
Detecting Chemokinetic Activity in Tumor Conditioned Hedia 
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Incubation of BCG (Meltze r , e t  a 1 . , 19 75a, ) and pyran ( S nodgras s ,  
e t  a1 . ,  1 9 7 7 )  activated macrophage s in neoplastic c e l l  conditioned 
media has previous ly been shown by time lapse microcinematography 
to increase the random mi gration rate . For a more pre c i s e  and re-
producable a s s ay o f  thi s  activity we inve s t i gated the use o f  a 
capillary tube migration method that mea s ures the migration of C .  
parvurn activated macrophages i n  neoplastic c e l l  conditioned medi a . 
The initial procedure used to perform thi s  a s s ay involved 
placing varying amounts o f  a peritoneal cell suspens ion ( 1 . 5  x 1 07 
c e l l s/ml l in steri lized glas s cap i l lary tubes ( 1 .  D . 1 . 1  to 1 .  2 mm , 
l ength 75 mm ) , plugging the bottom of the tubes with Seal-Ease 
( C l ay Adams , Pars ippany , New Jersey ) , centrifuging the tubes at 
200 x 9 for 10 minutes ,  s coring and fracturing the tubes 2 mm in 
front o f  the cell pellet , placing two tubes in each migration cham-
ber ( Universal XAB ,  Enskede , Sweden ) .  containing the media to b e  
t e s t e d  a n d  in cubating t h e  chambers at 3 70C in a humidi fied 9 5 %  a i r , 
5% CO2 atmosphe re . The posi tion of the free edge of the c e l l  p e l l e t  
within t h e  length of t h e  tub e  w a s  measured w i t h  a linear mi cro-
meter ( SGA S c ienti fic I nc . , Bloomf i e l d , New Jersey ) attached to a 
steros cop i c  microscope (American Optical Corporation , Buffalo , New 
York ) . The migration of the cells in the free edge of the p e l l e t  
was determined by subt rac ting t h e  v a l u e  of t h e  position of t h e  free 
edge at the beginning o f  the incubat ion period from its po s i tion at 
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the end of incubation . Routinely , s amples were assayed in trip l i cate . 
One tail student ' s  t- test was used to as s e s s  the significance Of 
differences . S igni f icant di f ferences were cons idered to be P <  0 . 0 5 .  
Using thi s  procedure we found that when 8 x 105 £. parvurn- stimulated 
peritoneal cells 'were placed i n  capillary tubes , the distance they 
migrated in 1 8  hours was greater in LL conditioned than in MEF con-
ditioned media (Figure 1 1 . 
1 .  Ident ification o f  Migrating C e l l s  in the 
Capil lary Tube As say 
The peritoneal c e l l  population 7 days post i . p .  inj ection o f  
C ,  parvum was determined by differential staining to be 1 9 %  lympho-
cyte s , 1 7 %  granulocytes and 6 4 %  monocytes/macrophage s . Due to the 
cellular heterogeneity o f  the peritoneal exudate , it was necess ary 
to confirm the i dentity of the migrating cells in the cap i l l ary 
tube s . The use of shortened capil l ary tubes allowed the c e l l s  
responding t o  t h e  L L  conditioned media to migrate o u t  of t h e  tubes 
and onto glass covers l ips . By the three criteria of morphology , 
non-speci fic esterase staining and latex bead phagocytos i s  the 
c e l l s  migrating onto the cove r s l ips were found to be enriched with 
macrophages when compared to the peritoneal population examined 
before being placed in the tubes ( Table 1 ) . Morpho logy also reve a l e d  
that many responding ma crophages pos s e s s e d  monocytic features (s i z e  
8-10 urn and indented nuc lear shape ) (Figure 2 ) . 
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FIGURE 1 
Capillary tube migr3tion o f  � .  parvum s timulated peritoneal c e l l s . 
Peritoneal cells ( 8  x 1 0  /tube ) were centri fuged at 2 0 0g for 1 0  minutes 
in plugged cap i l lary tubes to produce a cell pellet at the p l ugged 
end . Each cap i l lary tube was fractured 2 mn in front o f  the c e l l  
pellet . Tw o  cap i l l ary tubes were placed in each migration chambe r  
containing the t e s t  medi a . The media tested were FCS supp l emented 
unconditioned EMEM ( A )  and FCS supplemented EMEM conditioned by LL 
cells for 48 hours ( B ) . Chambers were incubated for 18 hours in a 
humidified 9 5 %  air , 5% C02 atmosphere . The dis tances migrated dur i n g  
t h e  1 8  hours were expre s s ed in mi l l imeters . Magni f i cation , X 5 0 . 
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TABLE 1 
Comparison of the Macrophage Population 
Among Cells Migrating2 in the Cap i l lary Tube 
With Thos e  in the Peritoneal Exudate 
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% Macrophage % Non-Sp e c i f i c  % Phagocyti z e  
Source By Morphology E s t erase Latex Beads 
Direct from 
cavityl Peritoneal 65 � 3 . 2  6 7  + 3 . 9  61 + 5 . 1  
Leading Edge of 3 
Capillary Tube 88 � 1 . 6  92 � 1 . 7  9 5 + 3 . 6  
l
M; ce s t ; mulated ; . p .  ° th C 7 d ° � � � w� . par\� ays pr�or to removal o f  
peritoneal cells 
2 
3 
C e l l s  migrating in respon s e  to FCS supplemented medi a  conditioned 
b y  LL cells for 48  hours . 
The c e l l s  were allowed to migrate out of shortened c api llary tubes 
( fractured 1. 0 rnrn in front o f  cell pellet)  onto covers lips . 
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F IGURE 2 
Corynebacterium parvum s timu lated peritoneal c e l l s  which h ave 
migrated out of shortened�api l lary tube ( fractured 1 . 0  mm i n  front 
of cell pellet) incubated in LL conditioned media during a 6 hour 
incubation at 3 70C i n  a humid 5% CO
2
, 95% air atmo sphere . Pres en t  
are mature macrophages (M) , immature monocyt i c  appearing macrophages 
(m) , a lymphocyte (L)  and a neutrophi l  ( N ) . G i emsa stain , 
Magnification , X 1"2 5 0 . 
5 0  
m 
l 
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2 .  Determinat ion o f  the Opt ima l Peritoneal C e l l  
Concentration f o r  the Cap i l l ary Tube As say 
Starting with 1 .  6 x 1 06 peritoneal c e l l s . decreas ing cell con-
centrations were tested . At a l l  concentrations used in thes e  
experiments the dis tance migrate d  by the c e l l s  in the LL conditioned 
media wa s greater than the dis tance migrated in unconditioned media 
(Tab l e  2 1 .  The large s t  number o f  c e l l s  (1 . 6 x 1 06 ) proved to b e  
t h e  lowes t  migration f o r  detecting t h e  stimulation o f  migration . 
When 8 x 1 05 and 4 x 105 c e l l s  were placed tn the capi l l ary tub e s  
t h e  distances migrated were s i gni ficant in compar i s on t o  control s  
5 1 
(p < O . OOS ) .  The lowes t  number o f  c e l l s  t e sted (2 x 1 05 and 1 x l O
S ) 
showed a greater than 9 0 %  increase in dis tance migrated in comparison 
to contro l s . Due to the large variance , however ,  the difference was 
not signi ficant . Therefore , we e lected to use 4 x 1 05 c e l l s/cap i l lary 
tube , s ince this number routinely gave a low variance with s i gn i f i cant 
increase in migration whe n  stimulated by tumor- c e l l  conditioned medi a .  
3 .  Determination o f  Optimal Migration Time 
In order to determine the optimal incubation t ime for migrat ion 
o f  peritoneal cells i n  the a s s ay ,  the distance the cells traveled 
in the cap i l l a ry tubes was measured at f ive succ e s s ive t ime points 
during an 1 8  hour incubation period . The results showed that the 
d i s tance trave led during the f i r s t  hour was the greate s t  and then 
decreased rapi dly with t ime ( Figure 3 ) . However , the relat ive 
di fference between the distance migrated in the LL and unconditioned 
media was larger a t  the later time points . There fore , a full 1 8  
TABLE 2 
Compari son of Various Numbers of C .  parvum Treated Peritoneal 
C e l l s  Employed in the Cap i l lary Tube Migration As say 
Number of Distance Traveled Di stance Trave led 
Peritoneal in Unconditioned in LL Conditioned Percent 
C e l l s/Tube Medial + S . D .  (mm) Medial + S . D .  (mm) Dif ference 
16xl0
5 
1 . 2 3 + . 1 1 1 . 4 3 + . 04 1 6  
8x10
5 
0 . 5 8 + . 07 1 . 2 5 + . 1 4 1 1 6  
4 x 1 0
5 
0 . 5 + . 1 4 1 . 1 4 + . 1 3 1 2 8  
2 x 1 0
5 
0 . 2 5 + . 3 5 0 . 5 3 + . 2 5 1 1 2  
lxl0
5 
0 . 2 0 + . 3 8 0 . 3 8 + . 1 0 9 0  
1
Distance s  of migration were measured after a n  1 8  hour incubation period . 
2 " f ' 1 h Not S 1gn1 1 cant , P va ue greater t an . 0 5 .  
Signi f icant 
Difference 
N . S .  
2 
P > . 0 5 
P < . 00 5  
P < . 0 0 5  
N . S .  P > . 1 0 
N . S .  P > . 2 0 
111 
'" 
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F IGURE 3 
Cap i l lary tube migration versus incubation t ime of �. parvum 
s timulated peritoneal c e l l s . Migration di stances of C .  parvum 
stimulated peritoneal c e l l s  were determined at 1 ,  3 , 6
-
and 18 hours 
o f  incubation . C e l l s  were incubated in LL conditioned (0) and in 
unconditioned media ( . ) . The points repre sent the distance trave l e d  
+ S . D . in mm .  
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hour incubation period w a s  s e l ected a s  t h e  t ime interval , to atta i n  
t h e  largest difference i n  macrophage migration between L L  conditioned 
and unconditioned medi a . 
4 .  Individual C e l l  Migration 
Data concerning the rate of individual c e l l  migration in the 
cap i l lary tubes was obtained for comparison with the data o f  Mel t z e r  
e t  a l . ( 19 7 5 a )  and Snodgrass et a l . ( 19 7 7 ) . With the aid of t ime 
l ap s e  mi crocinematography the migration respons e  o f  i ndividual c e l l s  
was studied in capil lary tube s . The analy s i s  of the f i lm seque n c e s  
revealed a 2 . 8  fold increase in t h e  r a t e  of migration f o r  c e l l s  i n  
the L L  conditioned media over thos e  i n  unconditioned or ME F  con­
ditioned media (Figure 4 ) . The h i ghly directional c e l l  movement 
toward the open end o f  the cap i l lary tube suggested the pos s ib i l i t y  
that t h e  c e l l s  were responding to a chemotactic factor . Thi s  pos­
s ib i l i ty was further inve s tigated after a crude s amp l e  o f  the 
chemokinetic factor was i s olated from the LL media ( s ee Page 8 4 ) .  
5 .  Surface Morphology o f  Migrating C e l l s  
S canning electron microscopy o f  t h e  c e l l s  migrating within the 
capil lary tubes revealed a morphology which i s  typical of mot i l e  
c e l l s  ( Z igmond and Hirsch 1 9 72 ) . Large , flat , vellum- like pro c e s s e s  
o r  lame l l ipodia extended from the c e l l s  i n  t h e  direction o f  t h e  tube 
opening ( F i gure 5 ) , and sma l l  knob- like proc e s s e s  or uropods were 
located at the end o f  the c e l l s  furthest from the tube opening 
( Figure 6 ) . 
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FIGURE 4 
Maps i l lustrating the migration of �. parvurn s t imulated perito­
neal cells within cap i l lary tubes during a one hour period . The 
peritoneal c e l l s  were incubated in �, EMEM ; £, MEF condition medi a ; 
c ,  LL condi tioned ; d ,  LL-CKF . Average rates of migration were 
determined from the
-
movements o f  the c e l l s  i l lus trated in each 
frame . In each map the opening of the cap i l lary tube is to the 
right . 
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FIGURE 5 
Macrophage adhering to the interior of the cap i l lary tube . 
The c e l l  body (eB l i s  posi tioned w i th a lame l l ipodia ( L )  extending 
toward the capi l l ary tub e  opening . Magni f i cation , X 7 , 4 00 . 
FIGURE 6 
Macrophage adhering to the interior of a cap i l lary tub e . The 
surface of the macrophage oriented toward the c e l l  pellet i s  ex­
pos e d .  Knob- like pro c e s s e s  or uropods (U) are extended toward the 
surface of the capi l lary tub e . A lamel l ipodia ( L )  i s  vi s ib l e  ex­
tended from the oppos i t e  s ide of the cell toward the cap i l lary 
tube opening . Magn i f ication , X 74 , 00 0 . 
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To examine whether the above described response was unique 
for £. pa rvum activated macrophages or for activated macrophages , 
pyran act ivated macrophages were a l so tes ted in the a s s ay .  The 
results indicated that pyran activated macrophages re sponded 
identically to £" parvum activated macrophages in LL conditioned and 
in MEF media (Tab le 3 ) . The only d i fference between £. parvum and 
pyran activated macrophage s  was a higher variance obs e rved in the 
migrational response o f  the pyran activated mac rophage s .  Therefore , 
the obs e rved macrophage re spons e  to tumor condi tioned media i s  a 
�espons e  common to activated macrophages from two di fferent sour c e s . 
B .  The Occurance of Chemokinetic Activity i n  
Tumor Condi tioned Medi a  
The release o f  t h e  chemokinetic factor into the culture media 
by pro l i ferating LL cells wa s determined at 2 4  hour interval s  for a 
period of 7 days ( F i gure 7 ) . Tumor c e l l s  were initially plated at 
1 x 1 0 5 c e l l s / 2 5  cm2 flask . Thes e  c ultures reached confluence by 
the 4 th or the 5th day . Continued growth resulted in c.rowding 
o f  c e l l s  and an increase i n  cell numbers to approximately 3 x 1 06 
cel l s/ f lask by the 7th day . The chemokine t i c  effectivene s s  of the 
LL conditioned media , a s  a s s e s s e d  by its s t imulation o f  macrophage 
migration in the cap i l l ary tube a s s ay ,  �ncreased through day 4 a f t e r  
which there w a s  a steady d e c l i n e  through t h e  7 t h  day . 
Media from five additional syngenei c  and a l logene i c  neop l a s t i c  
c e l l  l ines were tes ted a n d  compared to uncondi t ioned media and 
normal mouse emb�onic fibroblases ( �lliF ) condi t ioned media for 
macrophage migra t i on enhan c i ng act ivity in the cap i l lary tube a s say 
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TABLE 3 
Comparison of £. parvum and Pyran Activated Macrophage 
Migration i n  the Cap i l l ary Tube - As say 
Distance Travel e d  � S . D .  (rom) 
6 1  
Media
2 C .  p
arvum 
Activated Macrophages 
pyran 
Activated Macropha g e s  
Unconditioned 
3 
MEF 
3 
LL 
0 . 48 + . 1 0 
0 . 4 0 + . 0 7 
0 . 93 � . 081 
0 . 48 + . 1 9 
0 . 40 + 0 . 1 0 
0 . 90 � . 3 5 1 
I
S ignificantly different from distance migrated by c e l l s  i n  
uncondi tioned or ME F  conditioned media 
2 
All media were supp l emented w i th 2 0 %  FCS 
3 
Media were sonditioned for 48 hours by an i n i t i a l  con centra t i on 
of 2 . 5  X 10 tumor c e l l s / 2 5  cm2 cul ture flasks . 
6 2 
FIGURE 7 
Comparison of tumor c e l l  pro l i feration ( . )  and chemokineti c  ( 0 )  
activity . Lewis lung tumor c e l l s  were cultured at 1 x 1 05 viab l e  
c e l l s  per 5 m l  in medium with 2 0 %  F C S  i n  2 5  cm2 plastic flasks . 
Culture fluids were harve s ted at 24 hour interva l s  and a s s ayed for 
chemokinetic activity in the c ap i l l ary tube a s s ay . Each c i r c l e  
represents the mean di s tance migrated per 4 tubes + S . D .  (mm) . 
The number of tumor c e l l s/flask were determined daily for 7 day s . 
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(Tab le 4 ) . In each c as e , the tumor c e l l  conditioned media s t imu lated 
the migration of activated macrophages was signifi cantly (p < . 00 5 )  
greater than MEF o r  unconditioned media . 
C .  Physicochemi c a l  Characterization o f  the Lew i s  Lung 
Tumor-derived Chemokinetic Factor 
In order to determine the approximate mo lecular weight o f  the 
chemokinetic factor , medi a  from both LL and Ehrl i ch a s c i te s  cultures 
were filtered through an Amicon XMIOOA membrane . In both c a s e s , the 
maj o rity o f  the chemokinetic activity remained i n  the non- f i l t e rabl e  
fraction with a mo lecular weigh t  above 1 0 0 , 0 0 0  daltons (Tab l e  5 ) . 
Howeve r ,  the material below 1 0 0 , 000 daltons a l s o  pos se s s e d  s ome 
activity . In the case of the Ehr l i ch ascites conditioned medi a , 
the activity of the low molecular wei ght materi a l  was s i gn i f i cantly 
above that of the unconditioned media . 
A Sepharose 4B column (which fractionates proteins according 
to thei r  molecular weight from 1 0 0 , 000 to 1 0 , 0 0 0 , 0 0 0  daltons ) was 
used to fract ionate the Amicon concentrate o f  high molecular w e i ght 
material from the LL conditioned medium ( F igure 8 ) . Three prote i n  
peaks w e r e  detected in t h e  fractions by thei r  abi l i ty to absorb 
l ight at 280 nm . A single peak of chemokinetic activity was detected 
by the capi l lary tube migration a s s ay . Time l ap s e  cinematography 
conf i rmed that the a ctivity of this peak enhanced the rate of migra-
tion of individua l macrophages ( Figure 4 ) . By c a l ibrating the c o l umn 
with the mo lecular weight s tandards of thyroglobulin ( 6 7 0 . 0 0 0 ) , 
catalase ( 2 3 0 , 0 0 0 )  and aldolase ( 1 6 0 , 0 0 0 ) , the chemokinet ic fraction 
was determined to have a mo lecular weight o f  approximate ly 3 6 0 , 0 0 0  
TABLE 4 
Chemokinetic Activity of Culture Media 
Condi t ioned by Various Cell Types 
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S ig n i f icance of D i f ference 
Cells Used to D i s tance in Compar i s on to 
Condition Media l Trave led + S . D .  ( rom )  Unconditioned Media 
Lewi s Lung Carcinoma 0 . 93 2:. . 08 P < . 00 5  
B-16 Melanoma 1 . 0 5 + . 3  P < . 00 5  
MCA (K ) F F ibros arcoma 1 . 0  2:. . 18 P < . 0 0 5  
MCA (K) D Fibrosarcoma 1 . 0 5 + . 3 5 P < . 00 5  
Ehr l i ch Ascites 1 . 08 2:. . 0 3 P < . 0 0 5  
MID- l Mammary 
Adenocarcinoma . 9 7 + . 3 3 
Embryonic F ibroblast . 40 + . 07 
Uncondit ioned . 4 8  + . 1 0 
1 
Al l media were condit ioned by 48 hours o f  incubation with dividing 
tumor or norma l c e l l s . Approximately 5 x 1 0
5 c e l l s / 2 5 cm2 c u l t ure 
flask were present at the beginning o f  media condi t ioning . 
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TABLE 5 
Chemoki neti c A s s ay of Culture Media F i l tered 
through an Ami con XMIOOA Membrane 
Media 
Lewis Lung
2 
High Molecular
3 
Wt Re sidue of 
Lew i s  Lung 
F i l trate o f
4 
Lewis Lung 
Ehr l i ch Ascites
2 
High Mol ecular3 
Wt Res idue of 
Ehr l ich Ascite s  
F i l trate of
4 
Ehrl i ch As cites 
un conditioned
5 
1 
D i stan c el 
Trave led + S . D .  ( rom )  
. 9 3 :!:. . 0 8 
1 . 08 + . 12 
. 69 + . 2 7 
1 . 08 + . 0 3 
1 . 1 2 + . 1 3 
. 79 + . 1 9  
. 4 9  :!:. . 12 
S igni f i cance of D i fference 
i n  Comparison to 
Unconditioned Med i a  
P < . 0 0 5  
P < . 00 5  
N . S .  
P < . 00 5  
P < . 0 0 5  
P < . 00 5  
Chemokine t i c  act ivity a s  measured b y  the c ap i l l ary tube a s s ay 
2 
3 
4 
5 
FCS suppl emented media was conditioned for 48 hours 
F i fteen fo ld concentrate o f  condi tioned med i a  ( mo l e cular weight 
above 1 0 0 , 000 daltons ) di luted 1 : 5  in FCS s upp lemented EMEM be fore 
a s s aying chemokinetic activity . 
Conditioned media ( mo lecular we i ght be low 1 0 0 , 0 0 0  daltons ) was 
d i l uted 1 : 2  in FCS s upp lemented EMEM before a s s aying chemokinet i c  
activi ty 
FCS suppl emented EMEM 
6 7  
FIGURE 8 
Chromatography of tumor- c e l l  conditioned medi a . S epharo s e  
4 - B  g e l  fi ltration o f  l O X  concentration o f  high mol e cular w e i gh t  
( above 100 , 000 dalton s )  LL conditioned medi a .  Absorban c e  o f  2 8 0  
nm l i ght by fractions ( - ) ; chemokinetic activity in c api l l ary tube 
a s s ay of fractions di luted 1 : 5  with EMEM (a) . Each square repre­
s ents the mean value o f  4 tubes .  Arrows repre s ent the e lution 
volumes of mo lecular wei ght standards thyroglobul i n  ( 67 0 , 0 0 0  
daltons ) , catala s e  ( 2 3 0 , 000 dalton s )  a n d  aldol a s e  1 6 0 , 000 daltons ) .  
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daltons . 
Sodium- dodecysul fate Po lyacry lamide Gel E l e ctropho res i s  
(SDS-PAGE l of thi s  chemokinetically active fraction reve a led the 
presence of 3 maj or and 6 minor s eparate protein peaks ( Cooma s s i e  
blue stained) ( L i n e  D ,  F igure 9 ) . It i s  likely that mos t  of thes e  
proteins originated from the FCS used t o  suppl ement the culture 
medi a . Addi tional LL conditioned media was prepared from s e rum 
free media expo sed to LL cultures that had previously grown to 5 0 %  
confluence in s erum s upplemented medi a . The e l ectrophoretic pat­
terns o f  day I and day 2 LL conditioned media without FCS were very 
s imilar to one another (Lines B and C ,  F igure 9 ) . The location and 
relative ampli tudes o f  the protein peaks in thes e  two patterns 
corre lated poorly with the pattern produced by electrophores i ng 
whole FCS (Line A ,  F i gure 9 ) . Comparison o f  the FCS free LL con­
d i t iDned media without FCS with the chemokineti c a l ly active fraction 
demonstrated a region o f  s imilarity po s i tioned at 1 . 1  ern to 1 . 7  cm 
o f  gel length . Calibration of the g e l s  with mol ecular weight 
standards revea led thi s  region to contain protei n s  in a mo lecular 
weight range of 2 0 0 , 0 0 0  to 3 8 0 , 0 0 0  dalton s . 
In the ab sence of s e rum , Lew i s  Lung c e l l s  do not survive in 
culture for long periods of t ime ( greater than 5 days ) . The con­
di tion o f  the LL c e l l s  as defined by the i r  ab i l i ty to divide 
during a 4 8 . hour incubation in serum- free media was examined along 
with the chemokinetic activity of the s e rum free LL medi a . The LL 
c e l l s  cont inued to divide during the i n i t i a l  24 hours fol 1owing 
remova l of the FCS s uppl emented media . They divided at a reduced 
6 9  
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FIGURE 9 
Electrophore s i s  of tumor- cell conditioned medi a . Components 
of LL conditioned media were electrophore s ed through SDS-polyacri l a­
mide cylindri ca l g e l s . Location and relative intens i ty of prot e i n s  
w a s  determined b y  s taining gels with Cooma s s i e  blue a n d  sub s equently 
s canning the length o f  the gel for light absorbance at 5 7 0 " nrn  �) . 
Fetal calf serum (A) ; day 1 LL conditioned media wi thout FCS ( B ) ; 
day 2 LL conditioned media without FCS ( C ) ; and the chemok i n e t i c  
fraction i solated " from LL conditioned med i a  w i th F C S  ( D ) . Arrows 
indi cate the " pos i tion o f  mol e cular weight s t andards thyroglobul i n  
( 67 0 , 000 dal tons ) , F erritin ( 4 4 0 , 000 daltons ) ,  catal a s e ( 2 3 0 , 0 0 0  
daltons ) and al do la s e  ( 1 6 0 , 000 daltons l .  
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rate during the next 2 4 th and 48th hour . Both o f  these media and 
the 3 6 0 , 000 dalton fraction prepared from thes e  media were found to 
pcs s e s s  chemokinet i c  activity (Tabl e  6 1 . However ,  thi s  activity 
was only detectab l e  when FCS was added to the med i a  at the time o f  
the a s s ay .  
7 2  
I n  order to inve s t igate the role o f  FCS i n  producing the chemo­
kinetic re sponse , FCS was s eparated by f i ltration into three molecular 
weight fractions . Each fraction was tested for i t s  abi l i ty to re­
store activity to the s erum free LL conditioned medi a . The resu l t s  
illustrated in Tab l e  7 indicate that : (al  .the . lo.w molesular .we ight FCS 
(1 0
4 
dalton s l  has no resto rative abi l i ty ; (h I the mid range FCS 
(1 0
4 
to 1 0
5 
daltons ) restores the full act ivity ; and ( c l  the h i gh 
molecular we ight FCS ( 1 0
5 
daltons ) has no res torative activity but 
i t  did raise the .background activity of both the unconditioned 
and LL conditioned media to the l evel of the FCS supp lemented un­
conditioned media . 
D ,  Character i s t i c s  o f  the Ant i-Chemokinetic Factor Anti s e rum 
A rabbit anti-CKF ant i s e rum was prepared using the 3 6 0 , 0 0 0  
dalton chemok inetically active fraction prepared from the S epharo s e  
4 B fract ionation o f  L L  conditioned media containing 2 0 %  F C S  a s  
the immuniz ing agent . Thi s  ant i s e rum ,  when i n i t i a l ly tes ted formed 
definit ive precipitation bands aga i n s t  the CKF . S ubs equent ly , the 
Ouchterlony double d i f fusion techn ique was ut i l ized to compare the 
spec i f i c i ty of the ant i s e rum for CKF (which was bel ieved to contai n 
components of FCS ) versus neat FCS us ed for supplement i n g  the LL 
TABLE 6 
Chemokinetic Activity of Media Condi tioned by 
LL Neoplastic C e l l s  in the Absence of Fetal C a l f  S e rum 
Media 
Day 1 LL Conditioned 
wi thout FCS 2 
Day 2 LL Conditioned 
wi thout FCS 3 
360 , 000 dalton fraction 4 
prepared from 24 hr . LL 
Media wi thout FCS 
Unconditioned Media 
1 
D i s tance 
Traveled 
(mm) i. S . D .  
i n  the Absence 
o f  FCS 
0 . 4 5 + . 0 7 
0 . 4 6 + . 09 
0 . 4  + . 06 
0 . 4  + . 09 
Significance o f  Difference 
in Comparison to 
Uncondi tioned Media 
Without FCS 
N . S .  
N . S .  
, N . S .  
D i s tance 
Traveled 
(mm) + S . D .  
with
-
FCS l 
0 . 9 5 + . 04 
0 . 89 + . 1 0 
1 . 5  + . 04 
0 . 65 + . 08 
FCS added to serum free medi a  at time of assay to obtain a 2 0 %  FCS solution 
2 
7 5 %  increase in LL c e l l s/flask during thi s  interval 
3 
2 9 %  increase in LL cel ls/flask during thi s  interval 
4 
Fractionated on a Sepharose 4B column , di luted 1 : 5  in EMEM wi thout FCS 
Significance o f  Dif ference 
'in Comparison to 
Unconditioned Media 
Supplemented with FCS 
P < . 00 5  
P < . 00 5  
P < . 0005 
-.J 
W 
TABLE 7 
The Chemokinetic Activity of Activated Macrophages 
in the Pres ence o f  Fetal Calf Serum Fractions2 
D i s tance Trave led in Cap i l lary Tubes + S . D .  (mm) 
Media Assayed No FCS Whol e  FCS 
Unconditioned 0 . 4 0 + . 04 0 . 8 0 + . 04 
Lewis Lung Condi tioned 0 . 4 5 + . 08 1 . 2 7 + . 2 3 
S ignificant D i f ference N . S .  P < . 0 2 5  
INot significant , P value i s  greater than 0 . 0 5 
2 
FCS fractions prepared by membrane , f i l tration 
FCS 
( 1 04 Daltons ) 
0 . 3 5 + . 0 7 
0 . 3 8 + . 0 3 
N . S : l 
FCS 
( 1 04 to 1 0 5 ) 
0 . 4 0 + . 04 
1 . 4 4 + . 2 3 
P < 0 . 00 5  
FCS 
( 1 0 5 ) 
0 . 82 + . 1 1 
0 . 8 3 + . 00 
1 
N . S .  
--l 
.. 
medi a .  Doub le diffusion t e s t s  demonstrated n o  definit ive antigen­
antibody precipitation lines unique for CKF b e tween the ant i - s e rum 
and the active CKF prepared from FCS fre e , LL conditioned media 
75 
(Fi gure 10Al . Th i s  sugge s t s  that e i ther the ant i s e rum was not spe c i f i c  
f o r  CKF , or the C KF  w a s  present i n  too low a concentration t o  form a 
vi sible p re c ipitation band with the anti s e rum .  However ,  the s e  bands 
did form between anti-CKF and CKF prepared in FCS s upp l emented 
media . 
It is pos s ible the obs e rved bands were produc ed by high molecular 
weight FCS proteins present in the CKF fraction , s in c e  there was FCS i n  the 
original LL conditioned media used i n  the i solation o f  CKF . The 
lyoph i l iz ed material prepared from non- s e rum suppl emented LL con-
ditioned media ( L- LL ) , however ,  wa s found to p roduce two precipitation 
bands with the Anti-CKF . The s e  bands shared i dent i ty with two o f  
the bands from the CKF prepared from L L  media· containing FCS ( F igure 
1 1 ) . Ne ither of the s e  bands demonstrated non- identity ( spurs ) w i th 
the bands formed between FCS and anti-CKF . Absorption o f  the anti-
CKF with aggrega ted Fes greatly reduc ed a l l  the reactivity b e tween 
the ant i - s e r um  and e i ther CKF or L-LL ( F i gure 1 0  B ) . Therefore , 
the a n t i s era was not recogn i z i n g  any a n t i g e n i c  d e t e rminants in the 
CKF or the L-LL mat e r i a l  whi ch were not also pre s e n t  in the FCS . 
Anti-bovine s e rum (Anti-BS ) was used to con f i rm the c ro s s  reacti­
vity or identity o f  the precipitating proteins with FCS pres ent in the 
CKF ( F igure 12) . I'lhen anti-BS was reacted with CKF , two pre c ipi tation 
bands �le re formed wh ich were continuous with the two bands- formed 
between anti-CKF and CKF . Furthermore , the s e  two bands showed 
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FIGURE 1 0  
Ouchterlony double d i f fus ion showing spe c i f i c i ty o f  anti-CKF 
antiserum for components o f  LL conditioned media 
Center We ll A - Anti-CKF : Anti-CKF ant i s e rum , unabsorbed 
Center Well B - Ant i-CKF : Anti-CKF ant i s e rum ab sorbed with aggregated 
FCS 
Outer We lls 
CKF sf 
CKF ss 
EMEM' sf 
EMEM ss 
L-LL sf 
Chemoki netic Factor prepared from s erum7 free
l 
Lew i s  
Lung cond itioned media 
Chemokineti c Factor prepared from s e rum� supp l emen t e d  
Lew i s  Lung condi t ioned media 
Serum -free uncondi t ioned med i a  
S e rum -suppl emented unconditioned media 
Serum-free 1 lyophol i z ed LL conditioned media 
FIGURE 1 1  
Ouchterlony doub l e  d i f fus ion comparing spec i f i ci ty o f  anti-CKF 
antiserum for CKF prepared from LL conditioned media containing FCS 
and for concentrated LL conditioned media 'lacking FCS . 
We l l s  
CKF s s  
L- LL s f  
Anti- CKF 
Chemokinetic factor prepared from ser� supp lemented 
Lew i s  Lung conditioned media 
Serum- free lyopho l i z ed Lewi s Lung conditioned media 
Anti-Chemokinetic Factor anti s e rum , unab sorbed 
F IGURE 1 2  
Comparison o f  Anti -CKF a n d  Anti-BS reactivi ty toward C K F  a n d  
toward FCS . 
We l l s  
FCS 
Anti-BS 
CKF s s  
Anti-CKF 
1 
Fetal Ca l f  Serum 
Anti-Bovine S e rum anti s erum ,  unab sorbed 
Chemokinet i c  Factor prepared f rom s erum -s upp l emented 
Lewi s Lung cond i tioned med i a  
Anti-Chemok inetic Factor anti s e rum , unab s orbed 
S erum- free indicates that no FCS was added to media b e fore 
condi tioning "d th LL c e l l s . However ,  contamination of th i s  
media by FCS adh e ring to the L L  c e l l s  a n d  t h e i r  c u l t u r e  f l a s k s  
i s  a pos s i b i l i ty . 
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continuity with bands formed betwee n  anti-BS and FCS . Therefor e , 
a l l  detectab l e  reactivity in doubl e  di ffusion t e s t s  indi cated that 
the CKF antigens were ident i c a l  i n  thei r  ant i g e n i c  determinents to 
some FCS components . 
The CKF sp�c i f i c i ty of the anti-CKF ant i s e rum was detectable 
when LL conditioned media w·a s  tested i n  the c ap i l la ry tub e  a s s ay 
in the presence of the ant i s e rum ( Tab l e  8 ) . Addi tion o f  anti -CKF 
7 8  
to e i ther CKF or L L  conditioned med i a  s i gn i f icantly reduced the 
migrational respon s e s  of the activated macrophages . The spe c i f i c i ty 
o f  the anti-CKF ant i s e rum was indicated by the inab i l i ty o f  e i th e r  
normal rabbit s e rum o r  ant i - bovin e  s erum to reduce t h e  CKF induced 
migration o f  macrophage s . 
I f  the LL tumor c e l l  derived CKF i s  shed from the plasma mem­
brane o f  LL c e l l s  to act on macrophag e s  via attachment to the macro­
phage membrane , then it should b e  pos s ib l e  to l o c a l i z e  the C KF o n  
t h e  p l a sma membrane o f  b o t h  the tumor c e l l s  and macrophage s . The 
results o f  pre liminary e xp eriments uti l i z i n g  anti-CKF anti serum in 
conj unction with immunofluores cence s upported thi s hypothe s i s  ( T ab l e s  
9 and 1 0 ) . The anti- CK� anti s e rum produced vary ing degree s  o f  
loc a l i z e d  membrane f luore s c e n c e  among L L  c e l l s  c u ltured i n  the 
presence o f  FCS and l e s s  intense s taining of LL c e l l s  cultured for 
4 8  hours in s erum free media (Tab l e  9 ) . A l e s s e r  degree of membrane 
fluores c ence was apparent when the anti-CKF was absorbed by FCS . LL 
mernbranes treated wi th e i ther absorbed or unab sorbed anti-CKF demon­
s trated a patchy f luor e s c e nc e , often including 1 to 6 sma� l  b l eb s  
p e r  c e l l s  ( F i gure 1 3 ) . Lewis Lung c e l l s  expos ed to e i ther unabsorbed 
Media 
LL Condi t ionei 
LL Conditioned 
LL Cond i tioned 
LL Conditioned 
4 
CKF 
CKF 
CKF 
EMEM 
1 
TABLE 8 
E f fect of Anti-CKF Upon the Chemokinetic Activity 
of Lewis Lung Condi tioned Media 
in the C ap i l lary Tube As sayl 
Distance 
Trave led 
Antis era + S . D .  (mm) Significance o f  Di fference 
None 0 . 9 3 + . 0 3 P < . 00 5  relative to EMEM 
Anti-CKF 3 0 . 4 6 + . 09 N . S .  relative to EMEM 
Rabb i t  s erum 
3 
0 . 8 8 + . 10 P < . 00 5  relative to E�£M 
Anti-Bovine S erum 
3 
0 . 89 + . 04 P < . 00 5  relative to EMEM 
None 0 . 7 1 + . 06 P < . 005 relative to EMEM 
Anti-CKF
3 
0 . 5 2 + . 04 N . S .  relative to EMEM 
Rabbit s e rum 
3 
0 . 81 + . 09 P < . 00 5  relative to EMEM 
None 0 . 5 2 + . 0 5 
All a s s ays were done with medi a supplemented with FCS 
2 
LL condit ioned medi a was prepared wi thout FCS . The media was cond i t ioned for 24 hours by LL c e l l s . 
3 
0 . 2  ml of ant iserum or s e rum were incubated in 0 . 8  ml of media for 1 hour at 2 50C prior to a s s aying 
4 
CKF was prepared from LL condi tioned media with FCS and di luted 1 : 5  in EMEM containing 2 0 %  FCS 
-.J 
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TABLE 9 
Indirect Immuno fluore s c ent Staining o f  Lewis Lung C e l l s  
with Anti-CKF a n d  Anti-BS Ant i s erum 
1 Degree o f  Medi a Used for Primary Membrane 
C e l l s  C e l l  Culture Ant i s e rum F l uores ce n c e  
LL FCS supp l emented EMEM Anti-CKF 0 to 4+ ,  + Avg 
LL FCS s upp l emented EMEM FCS Ab sorbed 0 to 2+ , + Avg 
Anti-CKF 
LL FCS supp l emented EMEM Anti-BS 0
2 
LL FCS s upp l emented EMEM FCS Absorbed 0 
Anti-BS 
LL FCS supplemented EMEM Hor s e  s erum 0 
LL FCS supp l emented EMEM PBS 0 
LL S erum free EMEM 
3 
Anti - CKF 0 to 2+ , + Avg 
LL Serum free EME11 FCS . Ab sorbed 0 to 1+ , �+ Avg 
Anti-CKF 
LL S erum free EMEM Anti-BS 0
2 
LL Serum free EMEM FCS Absorbed 0 
Anti-BS 
LL Serum free EMEM Normal rabbit 0 
s erum 
LL Serum free EMEM PBS 0 
1 
Ant i - s e rum used for incubation prior to incubation with FITC 
conj ugated goat anti-rabb it globul in . 
2 
A low percentage (5% ) with 1 to 3 large f luore s cent b l ebs on s urface 
3 
C e l l s  had been cultured 48 hours in serum free media previ ous ly 
to staining . 
Cel l s  
AM03 
AM0 
Al-10 
A1'10 
A11,0 
A110 
APEC4 
APEC 
APEC 
APEC 
APEC 
APEC 
AP EC 
APEC 
TABLE 10 
Indirect Immunofluores c ent Staining of C .  parvum Activated Macrophages and 
Peritoneal Exudate Cel l s  wi th Anti -CKF and Anti-BS Anti s era 
2 
1 
Primary 
Media Anti s erum 
FCS supp l emented EMEM Ant i-CKF 
Fes supp l emented EMEM FCS Absorbed Ant i -CKF 
Serum free EMEM Anti-CKF 
Serum free EMEM FCS Absorbed Anti -CKF 
FCS suppl emented LL conditioned Anti-CKF 
FCS supplemented LL conditioned FCS Absorbed Ant i-CKF 
FCS supp l emented LL conditioned Anti-CKF 
FCS suppl emented LL conditioned FC S  Absorbed Ant i-CKF 
Serum free LL cond i t ioned7 Anti-CKF 
Serum free LL condit ioned7 FCS Absorbed Anti-CKF 
FCS suppl emented EMEM Anti-BS 
FCS supp l emented EMEM FCS Absorbed Anti-BS 
FCS supp l emented LL conditioned Anti-BS 
FCS supp l emented LL conditioned · FCS Absorbed An ti-BS 
Degree o f  
Membrane 
F luorescence 
.+ 
0 
+ 
0 
2+ to 4+ , 3+ Avg 
2+ to 4+ , 3+ Avg 
2+ to 4+ 5 , 6 3+ AVg 
2+ to 4+ , 3 +  Avg 
2+ to 4 + ,  3 +  Avg 
1+ to 3 + ,  2+ Avg 
OS 
0 
OS 
0 
;c e l l s  were incubated in this media for 1 hour on ice prior to incubat ion with primary ant i s e rum . 
3Ant i-serum used for incubation prior to incubation with F ITC conj ugated goat anti-rabbit globu l i n . 4�." � activated peri toneal macrophages adhered to g l a s s  s l ides . 
�. par�lIn act ivated peritoneal exudate c e l l  suspens ion . 
7 1 %  of the peritoneal population had membrane fluorescence in this range , the remaining 2 9 %  had no 
6 membrane fluorescence .  
7The membrane fluorescent subpopulation con s i s ted o f  the l arger ( great er than Su diameter)  exudate c e l l s . 
SMedia conditioned during the s e cond consecutive 24 hours of LL c e l l  incubation wi thout FCS . 
A low percentage ( 5% )  of c e l l s  with 1 to 3 l arge f luorescent b l ebs on the i r  membran e .  
00 
.... 
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FIGURE 1 3  
I l lustrations o f  the Indi rect Immunofluores cent Label ing 
o f  LL Tumor Cells and � parvum Activated Peri toneal Cells 
Posi tive 
Fluores cence 
Control 
(No Staining ) 
Lewi s Lung tumor c e l l  incubated in 
FCS suppl emented media for 3 6  hours . 
Indirect immunofluores cent labe ling 
of cell membranes with e i ther neat 
or FCS absorbed Ant i -CKF . 
Posit ive 
Fluores cence 
/� 
( . �) 
Control 
( No Staining ) 
�. parvum activated peri toneal c e l l s  
incubated f o r  I hour on i c e  wi th FCS 
suppl emented media conditioned for 
48 hours by LL tumor c e l l s . In­
direct immunofluores cent labeling 
of cell membranes wi th ei ther neat 
or FCS absorbed Anti-CKF . 
/ ��) 
I / 
/ / L/ 
P o s itive 
F l uore s c ence 
/" "-, " 
( \ , \ 
\ ) l/ 
Control 
(No S t a i ning ) 
Lew i s  Lung tumor c e l l  i n c uba­
ted in FCS supp l emented med i a  
f o r  3 6  hours . Indire c t  f l uo­
res cent labeling o f  c e l l  
membranes with n e a t  Ant i - B S . 
P o s i tive 
F l uores cence 
Control 
(No S t a i n ing ) 
f.. parvum a ctivated p e r i tonea l 
c e l l s  incubated for I hour on 
ice with s e rum free medium con­
d i tioned for 2 4  hours by LL 
tumor c e l l s . Indirect immuno­
fluore scent l ab e l i n g  of c e l l  
membrane s  with e i ther neat 
anti-CKF or FCS absorbed a n t i ­
CKF . 
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or FCS absorbed Anti-BS showed n o  membrane fluore s cence except for 
a rare fluores cent b l eb seen on the surface o f  a few LL c e l l s  expo s e d  
to t h e  unabsorbed anti-BS ( F i gure 1 3 ) . 
The unabsorbed anti-CKF produced activated macrophage membrane 
f l uorescence in a l l  media tested (Tab l e  1 0 ) . However ,  only the 
activated macrophages incubated in LL conditioned media fluore sced 
when exposed to the FCS absorbed anti-CKF . C e l l  suspens ions o f  �. 
parvum activated peritoneal cells incubated in both FCS s upp l emented 
and unsuppl emented LL conditioned media and expos e d  to e i ther neat 
anti-CKF' or FCS absorbed anti-CKF di splayed membrane f luore s c e n s e  
among 7 1 %  o f  t h e  population . The f luores cing c e l l s  comprised the 
larger c e l l s  ( 8 - 1 4  pm) present i n  the suspen s ion . A variation in the 
qua l i ty of the peritoneal c e l l  membrane fluore s c e n c e  was noted be­
tween the peritoneal cells exposed to FCS supp lemented LL condition 
media and s erum free LL conditioned medi a . The membranes expos ed to 
the s uppl emented LL media p roduced an amorphous , bl ebby fluo r e s c en t  
staining o f  t h e  membran e s , whi l e  t h e  s e rum free m e d i a  produced a 
uni formly thin granular f luorescent s taining o f  the membran e s  ( F igure 
1 3 ) . Peritoneal c e l l s  expo s ed to FCS s upp l emented LL conditioned 
or uncondi t ioned media did not produce detectable membrane fluores c e n c e  
w i t h  ei ther n e a t  anti-BS or F C S  absorbed anti-BS, except f o r  a rare 
bleb on the surface o f  a few c e l l s  incubated in FCS supp lemented 
media and exposed to neat anti-BS . 
Since the presence of Fes wa s required to obtain a migrational 
respons e  to eKF o r  LL conditioned medi a , the hypothes i s  Vcl S  enter­
t a i ned tha t t h e  high mo lecular weight CKF could be an en zyme wh i ch 
acted upon Sllls trates in the FCS to produce chemokinet i c a l ly act ive 
fragments . If thi s hypoth e s i s  i s  correct , inactivation o f  the high 
mol e cular weight factor from FCS s upp l emented media immediately be-
84 
fore a s s aying the media for migration s tiffiulating activity should not 
s i g n i f i cantly reduce the activity o f  the LL condi tioned medium , s i n c e  
t h e  hypothet ical enzyme would make more active FCS fragments .  Thi s  
hypoth e s i s  was tested ut i li z i ng the anti-CKF ant i s e rum t o  inhib i t  the 
hi gh mol e cular weight CKF from FCS s upplemented and non- supplemented 
LL conditioned medi a . The results demonstrated that the chemoki n e t i c  
activi t i e s  o f  F C S  s uppl emented LL condi tioned media a n d  uns uppl emen t e d  
LL conditioned media w e r e  both reduced to control l eve l s  (Tab l e  1 1 ) . 
Therefore , the high mo lecular weight factor did not appear to be 
generating chemokinet i c a l ly active fragments from the FCS during a n  
1 8  hour period o f  incubation . 
E .  Susceptib i l i ty o f  the Chemokinet i c  Factor to 
Inactivation by Proteolytic Enzymes 
In order to determine the protein nature o f  the chemok ine t i c  
factor in L L  condi tioned medi a , the sus ceptib i l i ty o f  thi s  med i a  
to inactivation o f  t h e  agaro s e  bound proteolytic enzyme s tryp s in 
and chymotryps i n  was a s s e s s e d . The results indicated a l o s s  o f  
activity when L L  condi t i oned ( serum free ) med i a  was i ncubated 
with tryp s i n  (which c leaves ly sine and arginine peptide l in},ages ) 
but not when incubated with chymotryps i n  (wh i ch c l e aves pheny la-
lanine , tryptophan and tyro s i n e  peptide linkages ( F i gure 1 4 ) . 
�s indicated by the resul t s  with t ryp s i n  degestion , l y s i n e  and 
arg i n i n e  peptide l inkages are present in the chemok inetic factor 
and the s e  are required for chemoki n e t i c  act ivi ty . S i nce d i g e s t i o n  
TABLE 11 
Comparison o f  the Abi l i ty o f  Anti-CKF to Remove Activity 
from LL Condi tioned Media in the Presence and Absence o f  FCS 
FCS Added to 2 
�ledia 24 hours FCS Added Di stance S ignificance to 
Before Antis erum After Anti s erum Trave led Uncondi tioned Media 
Media Treatment Anti-CKF Treatment (mm) + S . D .  with FCS 
LLI + 1 . 2  + . 1 3 P < . 00 5  
LL + + 0 . 68 + . 07 N . S .  
LL + 0 . 58 + . 1 2 N . S .  
LL 0 . 4 6 + . 08 N . S .  
LL + 1 . 14 + . 2 3 P < . 01 
LL + + 0 . 7 0 + . 10 N . S .  
LL + + + 0 . 74 + . 1 8 N . S .  
LL + Anti-BS 3 1 . 14 + . 09 P < . 00 5  
EMEM + 0 . 5 0 + . 14 
1 
All media in thi s experiment were prepared f rom serum free EMEM. Media were conditioned by LL c e l l s  for 
24 hours . At the s tart of media conditioning there were approximately 5 x 1 0
5 c e l l s/2 5cm2 culture flask . 
2 
• 
Al l FCS suppl ementations produced a 2 0 %  FCS concentration 
3 
Undi luted antisera were added to the test media to achieve a 1 : 5  ant is era media ratio . Antisera-media 
mixutres were incubated 1 5  minutes a t  2 5
0
C be fore proceeding with the experiment . 
Q.l 
\J1 
86 
F I GURE 1 4 
The e f fect o f  proteolyt i c  enzyme s upon the chemokinetic 
act ivity o f  LL condi tioned medi a . Agaro s e  bound trypsin (19 uni t s /  
ml at 2 SoC ' ) a n d  chymotryps in ( 20  u/ml at 2 SoC ) were e a c h  i n ­
cubated with s erum f r e e  L L  conditioned media at t h e  indicated 
vo lume ratios ( abs c i s s a ) . The enzyme s were removed , FCS was 
added to the medi a and the ir chemokinetic activi t i e s  a s s ayed by 
the capi llary tube migration of �. parvum ac tivated macrophages . 
Chemokinetic act ivity of chymotryps i n  treated LL media ( 0 ) ; and 
chemokinetic activi ty o f  tryp s in treated LL media ( e ) . Points 
represent chemok inetic activity + S . D .  The bar , repre s ents the 
chemokinetic activity o f  unconditioned FCS supplemented + S . D .  
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with chymotrypsin did not destroy the activity of LL condi tioned 
medi a ,  phenylalanine , t ryptophan and tyrosine peptide linkages 
e i ther are not present on the CKF , not c ru c i a l  to the activity 
o f  the factor , or s equestered from the proteolyti c  activity of 
this enzyme . 
F .  Sus cept ibi lity o f  the Chemokinetic Factor 
to Inact ivation by Heat 
Sensitivity to heat inactivation i s  a s tandard criterion 
used to characteri z e  factors . For thi s  reason , the activity o f  
the L L  chemokineti c  factor after heating was inve s t i g ated . The 
results demonstrated a 14% decrease in activity after 30 minut e s  
at 5 70C a n d  a 3 3 %  decrease a f t e r  3 0  minute s  at 1 0 00C ( Table 1 2 ) . 
Thi s  indicates the CKF i s  a fai rly heat s tab le entity . 
G .  Chemotactic Activity o f  the Chemokinetic 
Fraction from Lewi s Lung Condi t ioned Media 
A highly directional movement o f  the macrophages was ob-
served in the cap i l lary tub e s  ( Figure 4 ) . Thi s  suggested a 
chemical gradi ent may exi s t  between the media in the cap i l lary 
tub e s  and the chamber . Experiments were then undertaken to t e s t  
t h e  chemotactic capacity o f  t h e  CKF . Thi s  respons e  of activated 
macrophages to CKF and to the known chemotacti c s ub s tance , Mou s e  
Activated Se rum (MAS ) , w a s  compared i n  b o t h  t h e  cap i l l ary tube 
a s s ay (Figure 1 5 )  and in the Boyden chamber a s s ay ( F i gure 1 6 ) . 
To estab l i s h  gradient conditions for the capi llary tube 
a s s ay , the factors �ere placed in the chamber conta ining the 
8 8  
TABLE 1 2  
H e a t  Sensitivity o f  t h e  Chemokinetically 
Active Fraction from Lewi s Lung Condi tioned Media 
Treatment 
Media o f  CKF 2 
1 : 5  CKFI 
in EMEM None 
1 : 5  CKFI 
in EMEM 5 6
o
C ,  3 0  min 
1 : 5  CKF1 in EMEM 1 0 0oC ,  3 0 min 
EMEM 
1 None 
1 
L�M s upplemented with 2 0 %  FCS 
2 
D i stance Traveled in 
Cap i l lary 'rube As say 
(rom 2:. S . D . ) 
1 . 40 + . 09 
1 . 3 2 2:. . 07 
1 . 2 2 + . 0 3 
0 . 8 5 2:. . 0 7 
8 9  
P ercent Los s  
o f  Activity 
14 
33 
CKF was produced by s epharos e  4B fractionation of FCS supp l a�ented 
media condi tioned for 4 8  hours by LL c e l l s  
90 
F I GURE 1 5  
Comparison o f  act ivated macrophage c ap i l lary tube migration 
i n  LL- CKF and in MAS supp l emented media . Both CKF and MAS were 
diluted i n  EM&� containing FCS . Each point repres ents average � 
S . D .  chemokinetic act ivity of 4 repl icate s . The bar repre s en t s  
t h e  chemokinetic activity of uncond i t ioned medi a . 
F IGURE 1 6  
Compari son o f  activated mac rophage chemotact i c  migrat i on i n  
LL-CKF and in MAS supp l emented med i a . Both CKF a n d  ��S w e r e  d i luted 
in EM�I conta ining pes and p l aced in t h e  lowe r wel l s  o f  the Boyden 
chambers ( Graphs A and B ) . In add i t i o n  CKF was also tes ted under 
non- grad ient condi t ions ( i dent ical di lutions of CKF i n  upper and 
lower we l l s , Graph C ) . Each po int repr e s ents average � S . D .  
chemotactic activi ty o f  3 repl icates . The bar represents the 
migrational activity of uncond i t ioned media . 
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cap i l lary tube . For the Boyden chamber a s s ay ,  the factors were placed 
in the lower wel l s . MAS produced migrational re spon s e s  in both a s s ay s , 
the maximum respon s e  o ccuring at a 1 : 1 0 dilution . CKF produced a max i ­
mum migration i n  t h e  capi l l ary tub e  a s s ay at t h e  highest concentrat ion 
( 1 : 5 ) . Under gradient conditions ( chemotacti c )  i n  the Boyden chamber 
no migration to the lower well was obs erved at any o f  the CKF dilu­
tion s . However , under non-gradient conditions ( chemokinet i c )  at a 1 : 1 0 
d ilution , CKF demons trated a s i gn i f icant increase i n  activity over con­
trol l evel s .  
The above results also indicated that MAS produced a chemokineti c  
respons e ,  either b y  acting upon the c e l l s  i n  the cap i l lary tub e , o r  by 
producing a gradient between chamber and c ap i l lary tube . To obtain 
information on thes e  pos s ib i l i ti e s , the effects o f  CKF and MAS grad i ­
ents upon migrat i n g  c el l s  i n  t h e  cap i l lary tube a n d  Boyden challlber 
assay were inves ti gated i n  s ubs equent experiments ( Tabl e s  13 and 1 4 ) . 
CKF was placed in both the capil lary tube and the chamber to 
avoid the creation of a CKF gradi ent , whi ch may b e  pres ent when 
CKF is placed only in the chamber . The migration of macrophage s  
exposed to CKF under non-gradient conditions w a s  enhanced in com­
par i son to conditions in which CKF is placed only i n  the chamber . 
In th i s  sens e , a gradient wa s not required for the macrophage s to 
respond opt ima l ly to CKF . In contrast , the migration of the macro­
phages was reduced when they were exposed to MAS under non-grad i ent 
condi tions as compared to �mS- gr ad i ent condi t ions . Both CKF and 
HAS had l i ttle e f f e c t upon migration when placed only within the 
cap i l l ary tube s . The presence of e i ther CKF or }ms in the c ap i l l ary 
9 3  
TABLE 1 3  
Migration o f  Activated Macrophages Under 
Gradient and Non-Gradient Conditions 
in the Cap i l lary Tube A s s ay 
Media in Media i n  
Capil lary Tube Chamber 
EMEMI EMEM 
EMEM CKF
2 
CKF CKF 
CKF EMEM 
EMEM MAS 3 
HAS MAS 
MAS EMEM 
CKF MAS 
MAS CKF 
1 
E�EM containing 2 0 %  FCS 
2 
Ave rage 
D i s tance 
Traveled 
+ S . D .  (nun) 
_. 
0 . 5 5 + . 08 
0 . 80 :: . 08 
0 . 90 :: . 2 7 
0 . 5 3 + . 1 1 
0 . 90 :: . 1 5 
0 . 59 + . 1 6 
0 . 58 :: . 05 
0 . 88 + . 0 8 
0 . 7 6 :: . 05 
S ign i fi cance of Difference 
in Compari son to EMEM i n  
Uppe r  and Lower We l l s  
P < 0 . 00 5  
P < 0 . 02 5  
P < 0 . 00 5  
P < 0 . 0 0 5  
P < 0 . 0 0 5  
C KF  d i l uted 1 : 5  in EMEM . Th i s  di lution produced t h e  maximum 
migration response in the cap i l lary tube assay ( F i gure 1 4 ) . 
3 
MAS diluted 1 : 10 in E�EM . Thi s  di lution produced the maximum 
migration respon s e  in the cap i l lary tube a s s ay ( F igure 1 4 ) . 
Media i n  
TABLE 1 4  
Migration o f  Act ivated Macrophages under 
Gradient and Non-Gradient Condi tions 
,in the Boyden Chamber A s s ay 
Average # 
94 
Cells i n  S igni f i cance o f  Di f ference 
Media i n  Lower We l l  i n  Comparison to EMEM i n  
Upper Wel l  Lower Wel l ( X  1 03 ) Uppe r  and Lower We l l s  
EHEM El-lEM 3 . 2  + 0 . 7 7 
EMEM CKF
2 2 . 5 :!:. 0 . 58 
CKF CKF 2 . 4  + 0 . 38 
CKF EMEM 4 . 9  + 1 . 2  
EMEM MAS 3 0 . 6  :!:. 4 . 4  P < 0 . 0 0 5  
MAS MAS 2 . 2  :!:. 0 . 74 
MAS EMEH 3 . 6  :!:. 1 . 0  
CKF MAS 2 1 . 9  + 3 . 3 p < 0 . 01 
MAS CKF 2 . 2  + 0 . 4 1 
1 
El-IEM containing 2 0 %  FCS 
2 
3 
CKF di luted 1 , 5  in EMEH . Thi s di lution produced t h e  maximum 
migrational response in the cap i l l ary tube a s s a y  ( F i gure 14 ) . 
MAS di luted 1 , 1 0 in E�lliM . Thi s  di lution produced the maximum 
migrational respon s e  in the Boyden chemotactic a s say ( F i gure 1 5 ) . 
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tube had l i ttle o r  n o  effect upon the po s itive migrat ional respo n s e  
to a gradi ent of t h e  other f actor i n  t h e  chamber . 
Gradi ent and non-gradient cond i t ions for MAS in the Boyden Chamb e r  
a s s ay produced s i gni f i c ant increas e s  i n  macrophage migration into 
the lower wel l  only when a gradi ent o f  MAS was pres ent . The pre-
s ence of CKF partially i nhibited the macrophage respons e  to this 
gradient ( Tabl e  1 4 ) . The data ( Tabl e s  1 3 , 1 4  and F i gures 1 5 ,  1 6 )  
indi cate that chemotacti c  activity can be detected b y  both a s s ays 
under gradi ent conditions . However , chemokinetic activity was de-
t e ct ab l e  in the capi l lary tube a s s ay under both gradient and non-
gradient condit ions , whi l e  i n  the Boyden chamber a s s ay ,  chemoki n e t i c  
activity w a s  detectab l e  o n l y  under non-gradient condition s . 
H .  Re sponse o f  E l i c ited Macrophag e s  to the 
Lewi s Lung Chemokineti c  F actor 
The responses o f  Oyster glycogen and thioglyco late e l i c ited 
macrophage s  to CKF and MAS were examined in the capi l lary tube and 
the Boyden chamber a s s ay s . In the cap i l lary tube a s s ay neither o f  
t h e  e l i c ited macrophages re sponded s igni f i c antly to C KF  or MAS 
( Tabl e  1 5 ) . Using the Boyden chamber chemotactic a s s ay ,  the 
e l i c ited macrophages responded s ig n i f i cantly to �ffiS but not to 
CKF ( T able 1 6 ) . Thus , CKF appeared to be s e l e ctive in enhanc ing 
migration of activated m acrophage s  but not of e l i cited macrophag e s . 
S im i l arly , MAS produced a greater chemotactic r e spons e by activated 
macrophage s  than from e l i c i ted macrophages . 
TABLE I S  
A Comparison o f  the Migration Respons e  o f  Macrophages E l i c i ted With 
Osyter Glycogen and Thioglycolate versus C . parvum Activated Macrophage� 
S igni f i cance o f  
2 Difference in 
Media in Oyster Glycogen Compari son to 
Chamber E l i c i ted EMEM 
EMEM 0 . 5 2 + 0 . 08 
3 
N . S .
l 
CKF 0 . 4 6 + 0 . 09 
4 
I1AS 0 . 7 5  + 0 . 1 5 N . S .  
1 
N . S . , Not significan t ,  P < . 0 5 
2 
All media were supplemented with 2 0 %  PCS 
3 
Significance o f  
D i f ference in 
Thioglyco late Comparison to C. Parvum 
E l i cited EMEM Activated 
0 . 7 3 + 0 . 03 0 . 4 3 + . 03 
0 . 71 + 0 . 09 N . S .  0 . 8 5 + 0 . 0 7 
0 . 94 + 0 . 2 5 N . S .  0 . 9 5 + 0 . 07 
CKF was prepared from PCS supplemented LL conditioned media and was di luted 1 : 5  in EMEM 
4 
HAS was diluted 1 : 1 0 in EMEM 
Significance of 
D i f f erence in 
Compari son to 
EMEM 
P < . 0005 
P < . 00 0 5  
\0 
(J"\ 
Media i n  
Lower We l l  
EHEH 
CKF 
�1AS 
1 
TABLE 1 6  
A Comparison o f  the Chemotactic Respons e  of Macrophages E l i c i ted With 
Oyster G lycogen and Thioglycolate Versus C. parvurn Activated Macrophages 
S ignificance of Significance o f  
Difference i n  D i f ference in 
Oy s ter Glycogen Comparison to Thioglycolate Compari son to C. Parvurn 
E l i c ited EMEM E l i c i ted EMEM Activated 
1 . 5  + 0 . 5  1 6 . 0  + 6 . 2  6 . 2  + 1 . 3  
2 . 1  + 1 . 1  . N . S . l 2 2 . 1  + 5 . 7  N . S .  6 . 0  + 2 . 0  
3 . 1  + O . B  P < . 05 4 5 . 8  + 1 . 8  P < . 01 2 1 . 2 + 0 . 4  
N . S . , Not S igni f icant , P < . 0 5 
Significance o f  
Dif ference in 
Compari son to 
EMEM 
N . S .  
P < . 00 5  
\l) 
-.J 
V . DI SCUSS ION 
The tumor induced increase in chemoki n e t i c  activity o f  pyran 
activated macrophage s was described originally by Snodgra s s  e t  a l . 
9 8  
( 19 7 7 )  using time lap s e  micro c inematography . The po s s ib l e  importance 
o f  this response to macrophage-neoplas t i c  cell i n teractions i n  vivo 
led us to characteri z e  the phy s i cochemi cal properties o f  the chemo-
kinetic factor in neop l a s t i c  c e l l  conditioned medi a . In order to 
expediently mon itor the chemokinetic activi ty o f  fractions i solated 
from tumor c e l l  condi tioned media and to determine optimal ex-
periment�l conditions to measure the chemoki n e t i c  e f fect , a s e n s i t ive 
macrophage cap i l lary tube migration a s s ay was deve loped . The ca-
pacity of this assay to dete c t  both chemoki n e t i c  and chemotac t i c  
factors pre s ent i n  P C S  s upp lemented media w a s  a l s o  evaluated . 
The chemoki n e t i c  activi ty was detectab l e  by the c ap i l lary tube 
a s s ay in the culture media o f  five neop l a s t i c  c e l l  lines . Th e  pro-
duct ion and/or release o f  chemokinetic activity into the media of 
LL cul tures correlated with the log phase o f  LL cell pro l i feration 
in vitro . The factor re sponsible ' for the chemokine t i c  act ivity 
was found to be a high mo lecular weight ( i . e .  3 6 0 , 000  daltons ) ,  heat 
s t ab l e  protein whi ch was sus ceptab le to dige s t ion by tryps in , but 
not by chymotrypsin . A hypoth e s i s  that the CKF is a shed g lycoc a lyx 
protein with an inhibitory inf luence upon macrophage/tumor c e l l  
interactio n s  and po s s ib ly on t h e  tumor i c i da l  capac i ty o f  ac tiva ted 
mac rophages is propo s e d .  This hypo thes i s  i s  based upon data i n d i c a t i n g  
that CKF inhib i t s  chemotac t i c  migra t ion and that CKF i s  s h e d  from LL 
ce l l  memb ranes and at taches to a c t ivated mac rophage ce l l  membrunes . 
A .  The Chemok inetic Assay 
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The deve lopment o f  the chemokinetic a s s ay was based on the theory 
that by l imiting random macrophage migration l inearly , the vectors o f  
random movement would become linearly additive and cons equently pro­
vide an increase in l inear d i splacement which could be me asured with 
greater s ensitivity . Thi s  was accomp l i shed by l imi ting macrophage 
migration to the confines o f  cap i l l ary tube s . Under experimental con­
ditions , an increase in the rate o f  random movement was expre s s ed 
linearly toward the open end of the tube ( Table 4 ) . Thi s  a s say was 
more accurate in detecting movemen t  o f  macrophag e s  because i t  mea s ur e d  
t h e  combined movements over an 1 8  hour period a s  opposed to micro c i n e ­
matographi c  measurement o f  movemen t  at given t ime interval s .  The 
c ap i l lary method o f  measuring the dis tance o f  macrophage movement was 
more s en s i tive than the method used i n  microcinematography , because 
the c ap i l l ary me thod measured the actual distance trave led by macro­
phages migrating along a linear pathway in the c ap i l l ary tub e s  
( F igure 4 )  whi l e  microcinematography measured apparent d i s tance along 
s traight lines between cons ecut ive pos itions o f  randomly migrating 
macrophages . When measuring apparent d i s tanc e at interva l s  with 
microcinematography , distance was lost s ince the macrophages did not 
normally migrate along straight lines during chemokinetic re spon s e s . 
To determine whether this directional movement i s  expres s ed in re­
spon s e  to both chemokineti c (CKF ) and chemotacti c factors (MAS ) , the 
a s s ay was tes ted under gradient conditions ( a  requi rement o f  chemo tac­
t i c  a s s ays ) and under non- gradi ent conditions . A grad ient o f  e i ther CKF 
or MAS through the open end of the cap i l l ary tube produced s ign i f i cant 
m�yrat�on . However , only the CKF produced s igni fi cant migration under 
1 0 0  
non- gradient condit ions . Thus it i s  postulated that the direction a l  
movemen t  within t h e  cap i l lary tubes as indicated b y  microcinemato­
graph ic obs ervations ( s e e  F igure 4 ,  page 5 7 )  was primari ly due to 
the physical re s i s tance provided by the shape o f  the cap i l lary tube 
forc ing the macrophage movement toward the region o f  least r e s i s ­
tance . 
By test ing FCS supp l emented and unsupp l emented LL conditioned 
media in the cap i l lary tube a s s ay i t  was obs erved that FCS was re­
quired for macrophage migration s imi l arly as i n  the MIF a s s ay 
( Hughes , 1 9 7 2 ) . For examp l e , no macrophage migration occured i n  
t h e  M I F  assay i n  s erum- free media ,  b u t  migration doub led when the con­
centration o f  FCS was increased i n  the medium f rom 1 . 9 % to 6 0 %  ( P i ck 
and Manheimer , 1 9 7 4 ) . Leonard and Skeel ( 1 9 7 6 )  i s o lated a 1 0 0 , 00 0  
dalton molecular weight heat s t ab l e  factor present i n  human serum 
which enhanced the random migration o f  mous e  peritonea l cells i n  
t h e  Boyden chamber as say . This report is cons i s tent with our obser­
vat ions that macrophage migration o c cured i n  cap i l l ary tub e s  on ly 
if the assay medium was supp l emented with a 1 0 , 000 dalton or greater 
mo lecular weight fraction o f  FCS . The mechani sm by wh ich the FCS 
factor ( s )  enhance macrophage migration was suggested b y  evidence 
for a 5 0 0 , 000 dalton se rum protein whi ch coated the ionic surface of 
certain subs trates ( i . e .  glass and Falcon po lystyrene ) and was re­
qui�ed for spreading o f  baby hams ter kidney c e l l s  (Grinne l l , 1 9 7 6 ) . 
S t at i s t i ca l  comparison within s i n g l e  experimen ts of both 
1.1. cond i t i oned med ia and CKF versus uncondi t i oned media r�utinely 
indicated s i gn i f icant ( P  < 0 . 0 5 )  di fferences in mcarophage 
1 0 1  
cap i l l ary tube migration activity . When var i ations in t h e  me ans o f  
rep l i cate capil lary tube a s s ay s , between d i f ferent experiment s  w e r e  
examined , t h e  c o e f f i c i e n t s  o f  variations ( s tandard error/mean ) w e r e  
0 . 04 4 9 f o r  L L  cond i t ioned medi a , 0 . 1 0 5 8  f o r  CKF containing m e d i a  and 
0 . 0 8 1 8  for uncondi tioned media . Thes e  sta t i s t i c s  strongly sugge s t  
that the cap i l lary tube a s s ay provides reproduc ible data between ex­
periments with an average error o f  about 8 percen t .  Variations b e tween 
experiments could be related to varying degree s  o f  a ctivation o f  the 
macrophage s  in response to the £. parvum . Thi s  pos s ib i l i ty is s up ­
ported b y  variations in t h e  tumoric idal activi ty o f  £. parvum a c tiva­
ted macrophages . When c a l culated from the data o f  Fray et a l . ( 19 7 5 ) , 
the average error between the tumoricida l activi t i e s  of 4 d i f ferent sets 
o f  day 7 pos t  C.  parvum i . p .  inj e cted peritoneal c e l l s  was 1 8  percent . 
B .  The Chemokine t i c  Factor 
Uti l i z ing the cap i l lary tube a s s ay we i nve s t i g ated the o ccuran c e  
and identity o f  the chemokinetic facto r . We found that several d i f­
ferent syngenei c  and a l logen i c  mous e tumor c e l l  l in e s  e l aborated 
factors in vitro whi ch were chemokinetic for C .  parvum activated 
peritoneal ma crophages . No chemok inetic ac t ivity wa s detected i n  
media conditioned b y  normal mouse embryon i c  fibroblasts . Therefore , 
the production of chemok inetic factors appeared to be l i nked to the 
expres s ion of the neop l a s t i c  s tate . The appearanc e  of tumor-
der ived chemokinetic activity in LL condi tioned media corre l a t e d  
with t h e  l o g  growth pha s e  o f  t h e  tumor c e l l s  in vitro . 'I'hi s  sug­
ges ted close association between the production and/or release of 
CKF and the maximum l eve l s  o f  synthe t i c  a ct i vity i n  tumor cel l s . 
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Whether t h e  tumor-derived chemokinetic factor was s ecreted b y  the 
c e l l s  in culture , shed from the c e l l  surface membrane , or formed 
through interaction with FCS components in vi tro is not known . 
It i s  possible that the LL derived CKF could be a tumor c e l l  
modified or concentrated F C S  prote in . Thi s  pos s ib i l i ty was sugge s ted 
by evidence that , ( a )  macrophage migration s t imulating factors are 
present in FCS ( Fox e t  a I . , 1 9 7 4 ) , and ( b )  the Ouchterlony precipi-
tat ion l ines formed using anti-CKF anti s e rum detected only FCS pro-
teins in the LL condi tioned media .  Data which indicates that LL-CKF 
i s  not a FCS related protein include : ( a )  the 60 , 0 0 0  dalton �o l e cular 
weight o f  the FCS derived macrophage s t imul ating factor ( Fox and 
Gregory , 1 9 7 2 ) , which i s  1/6 the molecular we ight o f  CKF , and ( b )  
the activity o f  C KF  which i s  s ti l l  detectab l e  in the media o f  LL 
cultures washed free of FCS at two cons ecutive 24 hour interva l s  
prior to harvesting o f  t h e  tumor c e l l  conditio.ned medi a .  Any FCS 
proteins remaining after s uch extens ive washing would be tightly 
adherent to the culture flasks or the surface o f  LL c e l l s . The 
FCS adherent to the flask probably would not be released into the 
cul ture medium in high enough concentrations to produce a s igni f i cant 
chemokinetic activi ty detectable i n  the media unl e s s  the LL c e l l s  
produce a proteo lytic enzyme . Evidence against the enzyme nature o f  
the LL c e l l  product was obtained b y  ut�l i z ing anti-CKF t o  inactivate 
the high mo lecular weight CKF in the various media ( Tabl e  1 1 ) . The 
pos s ibi l i ty that LL c e l l s  retain FCS attached to the i r  c e l l  membrane i s  
un l ikely s i nce a turnover o f  the c e l l  membrane components i s  e xpected 
during the 2 4  hour period between the first and s e cond washing o f  the 
cul ture with FCS- free medium prior to col l e cting the LL condit ioned 
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medium . The non-FCS nature of the CKF i s  further supported by in­
direct immunofluore s c en t  s taining o f  LL cells incubated for 48 hours 
in s erum free media when FCS absorbed anti-CKF was used as the pri­
mary anti serum . OVera l l  the LL-CKF appears to be distinct from the FCS . 
The Lewi s Lung chemoki n e t i c  factor was found to be a heat stable 
high mol e cular weight ( 3 6 0 , 000 daltons ) protein containing lys i ne 
and/or arginine amino acids sus ceptable to c l eavage by tryps in . The 
molecular weight determination o f  CKF was based on the a s s umpt ion 
that CKF was a globular protei n .  I f ,  i n  fact , the CKF has a linear 
conf i guration its actual molecular weight could be much l e s s . A 
high molecular weight factor which enhanced macrophage random migra­
tion was also des cribed by Aaskov and Anthony ( 19 7 6 ) . Thi s  factor 
was i solated from culture s upernatants of BCG s t imulated hillnan peri­
pheral lymphocytes . It was s l i gh t ly larger than IgG ( 15 0 , 0 0 0  daltons 
M . W . ) and s t imulated movement o f  normal mous e  �pleni c macrophages i n  
t h e  M I F  a s s ay . A s imilar factor was found in s upernatants of BCG 
s t imulated lymphocytes which enhanced the random movement o f  human 
buffy coat leukocytes from a w e l l  cut in agaros e  gel . .  Thi s factor 
was heat stable at 5 60 for 3 0  minute s  and had an e l e ctrophor e t i c  
mob i l i ty in t h e  garnrnaglobulin region (Wei sbart e t  al . ,  1 9 7 4 ) . There­
fore the high mo lecular weight characteri s t i c  o f  LL-CKF i s  not un­
usual when compared to chemok inetic factors from other source s . 
Reports of the mo lecular s i z e  of factors i solated from tumor s  
whi ch enhance macrophage migration , has b e e n  vague . A factor p r e s ent 
in tumor conditioned medi a which enhanced migration by proteus 
peptone e l i c ited macrophages in the MIF a s s ay was only defined as 
being above 1 0 , 000 daltons (Ne lson and Nel son , 1 9 7 7 ) . Another factor 
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i solated from fibrosarcoma- condi t ioned medi a , which also enhanced the 
migration of proteus peptone s timulated macrophage s  in cultures , was 
characterized only as being non-dialysab l e  (mo l ecular we ight above 
1 2 , 000 daltons ) ( B lake s l e e , 1 9 7 8 ) . Since the CKF mol e cular weight 
was above 12 , 000 daltons , i t  is possible that both o f  the above 
factors are identical to the LL-CKF . 
Tumor associated pro t e i n s  with molecular weights in the range 
of the CKF ( i . e .  between 2 0 0 , 000 and 5 0 0 , 0 0 0  daltons ) inc lude the 
Carcinoembryonic Antigen ( CEA ) wi th a mo l ecular weight o f  2 0 0 , 0 0 0  
daltons , and the ce l l  coat o r  glycocalyx glycopropteins w i th a mol e ­
cular weight range o f  2 0 0 , 000 to 500 , 00 0  daltons ( Codington e t  a l . ,  
1 9 7 2 ) . The CEA i s  found in normal fetal colon and in the s erum o f  
patients with tumors o f  the gastrointe s t inal tract , breast , b l adder 
and lung . Indirect immuno fluo re s c en c e  on fro z e n  sections with anti­
CEA indicates that CEA i s  loca l i z e d  o n  the tumor or emb ryoni c  ce l l  
surfaces , probably a s  part o f  the extrac e l lular material forming the 
glycocalyx (Alexander ,  1 9 7 2 ) . The pos s ib i l i ty exists that the C KF  
c o u l d  b e  CEA s h e d  from t h e  g lycocalyx o f  L L  c e l l s . 
Another tumor associ ated fetal antigen i s  a lpha feto-prote i n . 
Thj. s  p ro t e i n  is a maj ol.- fe tal s erum protei n . It is a l s o  found in the 
s e rum o f  cancer patients with hepatocarcinomas or teratoblas tomas . 
S ince alpha feto-protein i s  found in fe·tal s erum o f  mammalian spe c i e s  
( S e l l , 1 9 7 9 )  it i s  l i k e l y  to b e  present i n  F C S  u s e d  in t h e  cap i l lary 
tube assay . However , it is unlikely that it i s  ident i c a l  to LL-CKF 
because o f  its lower mo lecular weight ( 7 0 , 00 0  dalton s ) . 
The appearance of a spe c i f i c  group o f  fucose- containing membrane 
g ly copeptides was demons trated on a group o f  d imthylni trosamine 
induced Syrian golden h amster embryo tumor c e l l  lines ( G l i ck e t  a l . ,  
197 3 ) . The expre s s ion o f  these l arge gly copeptides was pronounced 
in the more tumo�igenei c  cell lines . Kim et a l . ( 19 7 5 )  demons trated 
that spontaneously metast a s i z ing tumors shed membrane glycopeptide s ,  
wh i ch could be detected in the blood o f  tumor bearing rats , whi le no 
dectable tumor glycopeptides were present i n  the b l ood o f  rats 
bearing non-�etastasi zing tumors . The LL carcinoma is also a h i gh l y  
metastatic tumor , a n d  con s i dering t h e  mo lecular s i z e  ( 3 60 , 00 0  d a l ­
ton s )  o f  CKF , t h e  CKF could wel l  b e  a component o f  t h e  LL-glycoca lyx 
whi ch i s  readi ly shed a s  previously suggested in relation to the 
CEA . 
The possibil i ty cannot be exc luded that CKF i s  a product o f  
a n  oncogene or a l atent virus . Thi s pos s ibi l i ty could be tested by 
u s ing immunologi cal methods to compare CKF anti ge n i c  determinants 
with tho s e  o f  viral products .  A radioimmunoassay would provide a 
s e n s i t ive method for making thi s  comparison . 
The data in Tab l e  13 indicates that a short term ( 3 0 minut e s ) 
expo s u r e  of act ivated macrophages to optimal CKF concentrations d i e  
n o t  produce enhanced macrophage migration . To obtain enhanced macro­
phage migration in the c ap i l lary tube , a conti nuous ( 1 8  hour ) expo­
sure o f  the activated macrophages to opt i mal concentrations of the 
CKe is requi red . Therefore , the mechan i sm of migrat i on is apparen t l y  
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not the result of a short- t e rm triggering o f  a long-term intrac e l l u l ar 
proces s ,  bu t it is maintained as the consequence o f  a cont inuous in­
teraction between CKF and the activated macrophage .  
The chemokine t i c  activity of the LL-CKF was eas i ly detectab l e  
i n  t h e  cap i l l ary tube as s ay . Prel iminary experiment s examining the 
activity of CKF under non-grad i ent condi tions i n  the Boyden chamber 
a s s ay indicated no chemokinet i c  activity ( Tab l e  1 4 ) . Since this 
was contrary to f i nding s by other inve s tigators , CKF activity was re­
examined systematically u s ing s e r i a l  di lutions o f  CKF and a d i f f erent 
lot of membranes ( F igure 1 6 ) . Thi s  experiment corroborated obs erva­
tions on chemokineti c  migration by o ther l aborator i e s  and showed that 
under non-gradient condi tions a s ig n i f i cant number o f  macrophages 
migrated acro s s  the membrane a t  a 1 : 1 0 di lution o f  CKF . Other agents 
which can produ c e  chemokinetic act ivity under non-gradient cond i t i o n s  
in t h e  Boyden chcimber a s s ay a r e  the chernoi;Ca c t i c  factors MAS , Ca s e i n  
( parrott , 1 9 8 0 )  and a lymphocyte derived chemotactic factor ( Snyderman 
and Mergenhagen , 1 9 7 6 ) . The h igh mol ecular weight lymphokine d e s c r ibed 
by Aashov and Anthony ( 19 7 6 ) as s t imu lating macrophage migration i n  
t h e  M IF assay , similarly t o  CKF under gradient conditions , had n o  
migration enhanc i ng activity in the Boyden chamber as say . Th i s  factor 
was not tested under non-gradient conditions . Information i s  c omp l e t e ly 
lacking on the Boyden chamber migration charac"teri s t i c s  of the chemo-
kinetic lyrnpho kine i so lated by Wei sbart et al . ( 1 9 7 4 ) . 
The results ( F igure 1 6 )  shol1ed the LL-CKF had no chemotac t i c  
activity in t h e  Boyden chamber a s s ay . The l a ck of chemotactic 
activity a long w i th i t s  large size ( 3 60 , 0 0 0  daltons ) indicates that 
LL-CKF i s  distinct from the neoplast"i c  chemotac t i c  factor ( mo l e c u l a r  
weight , 1 5 , 00 0  dalto n s )  described b y  Mel t z e r , tl iil .  ( 1 97 7 ) . I n  
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fact , data avai lab l e  s uggests that in t h e  Boyden chamber assay the 
pre s ence o f  CKF in the upper chamber produces a significant inhibi­
tion ( i . e .  30%  reduc tion , s e e  Tab l e  14)  o f  the chemotactic migration 
o f  macrophages to the MAS containing lower chamber . Thi s  inhibi to ry 
e ffect of CKF on chemotaxi s may have relevan c e  to the in vivo s urvival 
of tumors and should b e  inves tigated . 
C .  Anti-CKF Spec i f i c i ty Versus CKF Loc a l i zation by Anti-CKF 
Anti-CKF showed spe c i f i c i ty in Ouchterlony double d i f fusion 
t e s t s  only for FCS components . However ,  the abi l ity of the anti s e rum 
to abrogate the activity of LL conditioned media s ugges ted that the 
anti-CKF also contained CKF spe c i f i c  antibodi e s . It i s  thought that 
a low concentration o f  CKF made its pre s ence undetectabl e  by the 
Ouchterl ony double d i f fus ion assay .  Similar observations were re­
ported by Snyderman and Pike ( 1 9 7 8 a )  for ant i serum rai s ed agai n s t  
a twnor-derived chemotaxis inhibitory factor . Thi s  anti s erum pre­
pared agai nst the chemotaxis inhib itor also removed activity from 
tumor condit ioned media but did not produce spe c i f i c  ant i - chemo t a c t i c  
factor precipitin lines i n  t h e  doub l e  di ffusion a s s ay .  
The presence o f  CKF spe c i f i c  immuno g l o b u l i n s  i n  the ant i s e rum 
was suppo rted by the indirect immunofluores cent s taining of both LL 
c e l l s , and ac tivated macrophage plasma membrane s  expo sed to LL con­
d i t ioned med i a  using FCS absorbed anti s e rum .  Further evidence that 
membrane adherent FCS was not involved i n  the membrane fluore s c e n c e  
produced by ant i-CKF came from t h e  observation t h a t  A n t i - B S  wh ich 
cro s s  reacted with the FCS spe c i f i c i t i e s  o f  the ant i-CKF in the 
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Ouchterlony plates did not produce s igni f i c ant LL or activated macro­
phage membrane fluore s cence . The rare b l eb of f luores cent mater i a l  
obs e rved o n  anti-BS treated macrophages a n d  L L  c e l l s  may have b e e n  
produced b y  a �  adherent aggregate o f  F C S  proteins . The lack o f  
macrophage membrane s t aining by anti-BS a l s o  indicated that anti-CKF 
was binding CKF molecules attached to the macrophage membrane . I t  
i s  theoret i cally pos s i b l e  that the macrophage membrane f luore scence 
i s  produced by macrophage F c  receptors binding e i ther aggregated F I TC 
conj ugated anti- rabb i t  globulin or F I TC conj ugated anti-rabb i t  
g lobulin/anti-CKF comp l exes . However , evidence again s t  this po s s ib i ­
l i ty comes from a s tudy by Thrasher , e t  a l . ( 19 7 5 ) . He found that 
the f luorescein conj ugate o f  the anti- rabbi t  globulin blocks the 
F c  portion of the immunoglobulin from being bound by the macrophage 
F c  receptor due to i t s  large s i z e . 
The decreased anti - CKF LL membrane f luore s cence , whi ch oc cured 
after 4 8  hours o f  LL culture i n  s erum free medi a , could be due to a 
reduction in the synth e s i s  of CKF as a consequence of the lack o f  
nutrients due t o  t h e  abs ence o f  F C S  supp lement .  I n  the absence o f  
F C S  t h e  maj ority o f  LL c e l l s  die after 4 8  to 9 6  hours o f  incubation . 
Thus , the reduced macrophage surface fluores c en c e  obs erved a f t e r  i n -
cubation with FCS- free LL conditioned medi a may b e  explained b y  a 
lower concentration of CKF in the condit i oned medium . 
The anti-CKF s e l e ct ive staining of the larger peritoneal c e l l s  
making u p  7 1 %  o f  t h e  total population suggests that t h e  LL-CKF was 
s e lectively bound by the act ivated macrophag e s  averaging 6;;% o f  the 
tot a l  population o f  C. pa rvum activated peri tonea l  c e l l s  as determined 
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by di f ferential and e s terase s taining . Therefore , it appears that 
CKF wh ich i s  a membrane protein shed by the LL c e l l s , is . bound by the 
activated macrophages of the peri toneal exudate population . 
Production of an ant i s e rum using CKF i s olated from serum- free 
LL conditioned medi a  as the immunogen , would have s i gn i f i cantly l e s s  
of t h e  undersirab le P C S  spe c i f i c i ty o f  t h e  current anti s e rum . Such 
an anti s e rum could be used to resolve the question o f  poss ible 
cros s - reactivity between CKF and PCS . 
D .  Overvi e\" 
In summary , we have demons trated that the chemokinetic activity 
of activated macrophages incubated in LL conditioned media is due to 
s t imulation by a heat s tabl e , high molecular weight factor pre s e n t  
i n  t h e  media . CKF appears to be a tryp s i n  s e n s itive portein whi ch 
may be shed from the c e l l  membrane or glycocalyx of LL c e l l s  during 
cell pro l i feration and adheres to the cell membrane o f  activated 
macrophage s .  
The functional s igni f i cance o f  the CKF to macrophage-neop l a s t i c  
cell interactions i s  unknown . However , t h e  s ignifi cant inhib ition 
of the a ct i v a t e d  ma croph a g e  respon s e  to t h e  chemo t a c t i c  f a c tor (MAS ) 
mediated by CKF suggests that CKF may block receptor s i t e s  for tumor 
derived chemotact i c  factors . The concept of a tumor produced in­
hibition o f  the macrophage chemotacti c response i s  supported by 
s everal studies of reduced monocyte chemotaxis among cancer pat i en t s  
(Boetcher ,  1974 ; B i c e , 1 9 7 6 ; Snyderman and Pike , 19 7 7 )  and _the i sola­
tion of a lower mo l ecular weight ( 6 , 000 - 1 0 , 00 0  dal tons l tumor factor 
which inhibits macrophage chemotaxi s ( Snyderman and Pike , 1 9 7 6 ) . 
I f  CKF is a shed surface glycoprotein , i t  i s  l i k e ly that i n  
v i v o  activated macrophages would b e  exposed to high concentrations 
of CKF i n  the vicinity o f  growing tumors . Due to i t s  l arge s i z e  
and abi l i ty of C KF  t o  bind t o  the macrophage c e l l  surface , CKF may 
also interfere with c e l l - c e l l  contacts n e ce s s ary for the tumoricidal 
activi ty o f  ma crophages . There fore , furth e r  s tudi e s  of the concen­
tration o f  CKF required to produce the chemokinetic respon s e  of 
activated macrophages versus the concentration o f  CKF requi red to 
inhibit chemotact i c  or cytocidal respon s e s  o f  activated macrophag e s  
would provide relevant information f o r  t h e  i n  vivo s ignificance o f  
CKF i n  tumor-host interactions . 
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